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ABSTRACT 
The principle objective of this study was to examine the potential impact of the Cat, 
Fox and dog on native species, in particular those that are prey of these predators, in 
native forests that are principally managed for the production of timber in south-east 
NSW. This was examined initially by investigating the relative effectiveness of four 
techniques for surveying the Cat, Fox and dog, viz:- (i) spotlighting, (ii) scat surveys, 
(iii) scent-station surveys; and (iv) hair-tube surveys. The results from the surveys 
provided information on: (i) the distribution of the Cat, Fox and dog in relation to 
roads, forest edges and remote forest environments; and (ii) the relative abundance of 
the Fox and dog in the region. The results from the surveys were also used to 
investigate habitat attributes that potentially influence the abundance of the Fox and 
dog in the region. The extent that the Cat, Fox and dog used habitat in the vicinity of 
roads and habitat away from roads also was investigated using hair-tubes and radio-
tracking techniques. 
Scat surveys provided information on the diet of the Fox and dog. Results from diet 
analyses and spotlight surveys were used to explore whether the Fox and dog were 
opportunistic or selective in their choice of prey. The relative risk of prey species to 
predation by the Fox and dog also was assessed. Finally, the data collected in this 
study provided an opportunity to explore the efficacy of poison-baiting for reducing 
the abundance of the Fox and dog in the region during the period of the study. 
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The study region was stratified using environmental domains (Richards et al. 1990) to 
place it in a broader environmental context and to identify the environmental variation 
within it. To provide a comparative basis for field research, the environmental 
domains were grouped into two areas, viz:- the coastal and escarpment area. Within 
each of the two areas 15 sites were identified for survey purposes. 
Spotlighting, scat collection, scent-stations and hair-tubes were found not to be equally 
effective for surveying the Cat, Fox and dog in the region. Spotlighting was found to be 
the least effective method for detecting these species. Scat surveys provided 
information on the distribution and relative abundance of the Fox and dog, but was 
ineffective for detecting the Cat. Hair-tubes detected the Cat and dog, but not the Fox, 
despite observations of the Fox close to hair-tubes. With the exception of data 
collected from scat surveys, statistical analyses were limited due to small sample 
sizes. As a consequence, some of the analyses are descriptive and should be 
considered as an exploratory investigation only. 
The dog was found to be equally abundant both in the coastal and the escarpment 
areas, and significantly more abundant and widespread than the Fox. The Fox was 
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significantly more abundant in the coastal area. The abundance of the Fox and dog 
varied significantly between survey periods and there was significant variation in their 
abundance within each area. 
Following poison-baiting, the abundance of the Fox and dog decreased at sites where 
poison-baiting occurred. However, this was not statistically significant. 
Hair-tube surveys detected the Cat and dog on roads, in edge habitat (areas within 
500 m of a road) and in areas more than 1.5 km from roads (or remote areas). The Fox 
was also detected in all three habitat types from scats and by observation. In 
addition, radio-tracking found that one Cat preferred habitat more than 500 m from 
roads. 
The remains of 29 mammal species were found in the scats of the Fox and dog during 
the study. Large mammal species (i.e., those with an adult body weight greater than 
10 kg), and in particular the Swamp Wallaby, were the most common prey of the dog. 
Large mammals formed more than 50% of its diet. Correspondingly, these species 
were also found to be most at risk from predation by the dog. Medium-sized marrunal 
species (i.e., those with an adult body weight between 0.75-10 kg) formed 
approximately one-third of the diet of the dog. The remainder of the diet consisted of 
small mammal species (i.e., those with an adult body weight less than 0.75 kg). 
Small mammals were the most common prey of the Fox. The Dusky Antechinus, 
Brown Antechinus, Bush Rat and Black Rat each formed more than 5% of the diet of 
the Fox. These species were also found to be more at risk from predation by the Fox 
than large and medium-sized mammals. Approximately one-third of the diet of the 
Fox consisted of medium-sized mammals, in particular the Rabbit, closely followed by 
the Common Ringtail Possum. 
The extent to which the Fox and the dog were opportunistic or selective predators was 
not clear from this study. Overall, the most common large and medium-sized species 
in the diet<> of the dog and Fox also were relatively more abundant (e.g., the Swamp 
Wallaby, brushtail possums and Common Ringtail Possum). This suggested that the 
dog and Fox hunted these species in proportion to their abundance (i.e., 
opportunistically). However, this relationship was not always consistent. 
The abundance of the dog, rainfall, and time since logging were found to be 
significantly correlated with the abundance of the Fox in the region. A number of 
factors, such as resource partitioning of prey by the dog and Fox, potentially greater 
abundances of small mammals in drier forests, and relative ease of foraging by the Fox 
in recently logged and perhaps unlogged forests, may have partially explained these 
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results. No habitat attributes were found to explain significantly the abundance of the 
dog in the region. 
The results from this study clearly indicate that the Cat, Fox and dog are widespread 
in the region and the Fox and dog are relatively abundant. The evidence from this 
study and other studies suggest that in forest environments most mammal species, 
with the exception of bats and some arboreal species, are potential prey for these 
predators. This may have consequences for the survival of native species, particularly 
Critical Weight Range (CWR) species (i.e., those with an adult body weight between 
35-5500 g) and ground-dwelling mammals that are rare and/ or endangered, in these 
forests. As small mammals were found to be most at risk from predation by the Fox, 
it may be a greater threat to CWR species and species that are rare and/ or 
endangered. It is possible that high levels of predation by feral predators can suppress 
small populations to the extent that they cannot recover (i.e., predator-pit) and thus 
are more prone to extinction from stochastic events. In the absence of knowledge, such 
as the range of prey densities over which feral predators exert a regulatory role, 
endangered and naturally rare prey species may be able to persist in the presence of 
the Cat, Fox and dog provided that: (i) relatively dense understorey vegetation (i.e., 
their habitat) is maintained to provide refugia; and (ii) feral predator populations are 
effectively controlled to minimise their potential impact. 
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1 
INTRODUCTION 
The introduction of animals into environments where they do not occur naturally may 
have serious impacts on native animals. In Australia, three such introduced species 
are the Cat Felis catus, Fox Vulpes vulpes and domestic dog I dingo Canis familiaris I C. 
lupus dingo1. Due to the perceived threat of the Cat and Fox to native mammals (e.g., 
Kinnear et al. 1988; Spencer 1991; Wilson et al. 1992; Dickman et al. 1993), they have 
been listed as a 'key threatening process' in the Commonwealth's Environment 
Protection and Biodiversity Conservation Act 1999. They have also been declared vermin 
or noxious animals under various State and Territory legislation (Braysher 1993; 
Saunders et al. 1995). 
The control of the Cat2, Fox and dog is a major aim of government agencies and 
institutions, and wildlife managers. For example, the Pest Animal Control 
Cooperative Research Centre is investigating strategies to suppress reproduction in 
feral pests, such as the Fox (CSIRO 1992). State Forest management plans in NSW, in 
cooperation with the National Parks and Wildlife Service and the Rural Lands 
Protection Board, include strategies for the control of the Fox and dog (State Forests of 
NSW 1994). However, effective means of controlling feral predators have not yet been 
developed. 
Knowledge of the ecology of the Cat, Fox and dog in forest environments may assist 
the development of appropriate control methods in these habitats. In forests, most 
investigations of these species has focussed on their diet (e.g., Brown and Triggs 1990; 
Triggs et al. 1984). Some research has investigated the relationship between the 
abundance of prey, incidence of prey species in the diet of feral predators, and the 
subsequent potential impact on prey populations (e.g., Newsome et al. 1983a; 
Robertshaw and Harden 1986). 
Many other aspects of the ecology of feral predators are important for the 
development of appropriate control methods. This information would also aid the 
understanding of the potential impact these species have on native animals. For 
example, the nature of interspecific interactions between the Cat, Fox and dog in 
various environments may have different ramifications for native mammal 
1 The scientific name of the Dingo has undergone much synonymy. In 1982 the specific 
designation Canis lupus was recommended over C. familiaris on the basis of universal usage, 
even though the latter name was still most commonly used in the literature (Corbett 1995b). 
2 The Cat in this thesis refers to the feral domestic Cat unless otherwise specified. 
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populations. Research conducted overseas on the nature of interspecific interactions 
between sympatric mammalian carnivores has indicated that larger, more dominant 
species suppress, or control populations of smaller carnivores (e.g., Thurber et al. 
1992). If this dynamic changes, the nature of the relationship between sympatric 
carnivore species can also change. For example, if the population of the normally 
dominant carnivore falls below a certain threshold, populations of less dominant 
carnivores may increase to the extent that they inhibit the re-establishment of the 
formerly dominant carnivore (e.g., Rau et al. 1985). This may have implications for 
prey species. The known ecology of the Cat, Fox and dog, and their potential impact 
on native species is discussed further in Chapter 2. 
Forestry operations also may affect the level of impact that feral predators have on 
native mammals. For example, the forests of south-east NSW are primarily managed 
for timber production. An extensive road network has been established to facilitate 
the removal of timber. Roads can contribute significantly to forest fragmentation (Reed 
et al. 1996). Roads may also facilitate the spread of feral organisms, such as weeds 
and pathogens (Wace 1977; Panetta and Hopkins 1991). They create barriers to 
movement and dispersal of some fauna (Burnett 1992). The resulting traffic may also 
be a source of wildlife mortality (Mcilroy 1978; Bennett 1991). Roads have been 
implicated in facilitating the ingress of the Cat, Fox and dog/ dingo into forest areas 
that may have otherwise been inaccessible to them (Smith 1989; Andrews 1990; 
Gilmore 1990; Fanning and Mills 1990). The relationship between roads and the 
distribution and abundance of feral predators has not been investigated. It is an 
important consideration given the potential impact such species may have on native 
fauna (Wilson et al. 1992; Dickman 1995a). 
Methods for obtaining information on the abundance and distribution of feral 
predators in forest environments need further development to enable better 
understanding of the ecology of these species, and the impact of management regimes 
on them. In Australia, specific research on suitable methods for surveying feral 
predators has been predominantly undertaken in non-forest environments (e.g., Allen 
et al. 1996). This research has generally been conducted for the purpose of developing 
attractants for the administration of poison used for pest control (e.g., Allen et al. 
1989; Mitchell and Kelly 1992). The applicability of these survey methods in forest 
ecosystems is unknown. Some research conducted in forest ecosystems has 
successfully detected feral predators (e.g., Catting and Burt 1994), but the relative 
effectiveness of various techniques for surveying these species has not been 
investigated. The study of feral predators in forest environments is difficult and 
attempts to assess the impact of these species on forest fauna is even more difficult. 
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Nevertheless, studies of the effectiveness of various techniques for surveying feral 
predators in forests is warranted. 
1.1. THE THESIS 
Development of appropriate strategies for the control of the Cat, Fox and dog in 
forests requires further knowledge of: (i) their ecology; (ii) their potential impact on 
native fauna; (iii) appropriate survey methodology; and (iv) the influence of forestry 
operations (e.g., roads) on the movement and distribution of feral predators and the 
corresponding potential impact on native fauna. 
1.1.1. THESIS AIMS 
The aims of the thesis were to investigate: 
1. The effectiveness of a variety of techniques for surveying feral predators in eucalypt 
forest environments; 
2. The use of roaded and non-roaded forest habitat by feral predators; 
3. The diet of feral predators and the identification of prey species most at risk from 
predation by these species; and 
4. Relationships between environment and habitat attributes and the distribution and 
abundance of feral predators. 
1.1.2. THESIS OUTLINE 
Chapter 2 provides a review of: 
1. The ecology of the Cat, Fox and dog in Australia; 
2. The potential impact of these species on native vertebrates in relation to predation, 
competition and transmission of pathogens; 
3. Interspecific interactions between sympatric carnivore species, especially the Cat, 
Fox and dog; 
4. Forest management operations in the Eden Management Area (EMA). In particular, 
the relationships between forestry operations and populations of the Cat, Fox and 
dog, and the consequences for native fauna are discussed; and 
5. The distribution and abundance of the Cat, Fox and dog in the eucalypt forests of 
NSW. 
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Chapter 3 provides a description of the region and sites where the study was 
undertaken. It also describes the methods used for selecting areas and sites for the 
study. 
Chapter 4 addresses the relative effectiveness of four techniques for surveying feral 
predators in the study areas. These techniques were spotlighting, scat surveys, hair-
tube surveys and scent-station surveys. It also explores the efficacy of poison-baiting 
for the control of feral predators during the period of the study. 
The results of Chapter 4 provided information on the distribution and abundance of 
feral predators in the region and the impact of baiting on dog and Fox populations. 
The results also underpinned the research described in Chapters 5-7. The links 
between each of the Chapters are shown in Figure 1.1. 
Chapter 5 addresses the use of roads, 'edge' and 'remote' forest habitat by feral 
predators using two techniques, hair-tube surveys and radio-tracking. 
Chapter 6 addresses the diet of feral predators in the region and identifies prey 
species most at risk from predation. 
Chapter 7 investigates the relationship between the abundance of feral predators and 
habitat attributes. 
Chapter 8 provides a summary of the results, general conclusions from the research 
and recommendations for future research. 
All species mentioned in the text are referred to by their common name with the 
scientific nomenclature given in the first instance. A table of the species referred to in 
the text and their scientific nomenclature are provided in Appendix 1. In addition, a 
glossary of terms and acronyms used throughout the text is provided in Appendix 2. 
Figure 1.1 - Outline of the organisation of the thesis indicating the linkages between different aspects of the study. 
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2 
REVIEW OF THE ECOLOGY AND 
POTENTIAL IMPACT OF FERAL PREDATORS 
ON AUSTRALIA'S NATIVE WILDLIFE 
This chapter formed the basis of a review that was published in the journal Wildlife 
Research (May and Norton 1996). This is attached to the end of this thesis (Appendix 
7). This chapter also forms the basis of a report prepared for, and published by, the 
NSW National Parks and Wildlife Service (May 1997). 
2.1. INTRODUCTION 
The Cat, Fox and dog pose a potentially significant threat to the conservation of 
Australia's native fauna. In addition, human activities in forest ecosystems, such as 
those associated with forestry, may favour feral predators at the expense of native 
species. However, the impact of forestry operations on feral predator populations 
and the consequences for native fauna is not known. 
Information on the ecology of feral predators in forest ecosystems has important 
implications for management. For example, the rate of recruitment, social behaviour 
and movements of feral predators are important considerations for the design of 
appropriate strategies for the control of these species (Coman and Jones 1981; 
Thomson 1992a). Further, information on the ecology of these species can be used to 
assess their potential impact on native fauna. This, in turn, is useful for determining 
the level of feral predator control required for the conservation of wildlife. 
Several topics are reviewed in this chapter to provide a broad context and framework 
for the research undertaken in this thesis. These topics are: 
• The ecology of the Cat, Fox and dog in Australia; 
• The potential impacts of feral predators on native fauna in regard to predation, 
disease and competition; 
• The nature of interspecific interactions between carnivores, including feral 
predators, and the potential consequences for prey species; 
• The nature of forestry management operations in south-east NSW and the potential 
influence they have on the distribution and abundance of feral predators, and the 
subsequent potential impacts on native species; and 
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• The distribution and abundance of feral predators in eucalypt forest ecosystems. 
2.2. THE ECOLOGY OF THE CAT, Fox AND DOG IN AUSTRALIA 
The Fox has been present in Australia for approximately 150 years (Rolls 1969; 
Saunders et al. 1995). It was first introduced to Victoria for the purpose of fox-hunting 
(Rolls 1969). The Cat accompanied the first European settlers two hundred years ago, 
but may have been in Australia prior to that time, at least in Western Australia (Rolls 
1969; Dickman 1995a; Newsome 1991, 1995). The domestic dog has been present for 
the last two-hundred years, while the Dingo was probably introduced to Australia 
3500-4000 years ago (Breckwoldt 1988; Corbett 1995a, 1995b). In south-east 
Australia the feral domestic dog and Dingo co-exist and have formed hybrid 
populations, particularly near settled areas (Stevens 1981; Newsome and Corbett 
1982, 1985). The feral domestic dog and Dingo are referred to collectively as ' the dog' 
in this thesis, unless specified, due to the difficulty of distinguishing between the feral 
domestic dog, Dingo and their hybrids. 
The ecology of feral predators in Australia is not well understood. This is particularly 
true for the Cat and Fox, especially in forest ecosystems. There is information on the 
ecology of the dog in Australia, especially the Dingo (e.g., Corbett 1995b). However, 
more is known of the ecology of feral predators in arid and semi-arid regions than in 
the forests of Australia. Many ecological studies of the Fox have been undertaken 
overseas in countries where it is native (e.g., Lloyd 1980). These have been used in this 
study to draw some conclusions about the ecology of the Fox in Australia. How the 
ecology of the Fox in this country differs from elsewhere is unknown. There has been a 
number of overseas studies of the Cat in the wild, particularly where it is feral and 
may be having a significant impact on wildlife populations (e.g., New Zealand; 
Fitzgerald and Karl 1986). These studies also may contribute to the understanding of 
the ecology of the Cat in Australia. 
2.2.1. DISTRIBUTION AND DENSITY OF THE CAT, FOX AND DOG IN A USTRALIA 
The Cat 
The Cat is ubiquitous: it can survive and reproduce in all habitats (Figure 2.1). 
Population density estimates of the Cat are crude. Thus, Figure 2.1 reflects subjective 
perceptions and uncertainties in abundance data, rather than accurate density 
estimates (Wilson et al. 1992). The total population of the Cat in Australia has been 
estimated to be between 3.8 and 12 million (Cross 1990; Paton 1993). 
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The population density of the Cat varies with season, and is related to reproduction. 
A study in the Victorian Mallee found that population density of the Cat varied from 
0.34 per km2 in winter to 3.5 per km2 in summer Gones and Coman 1982a). The high 
summer maxima were due to the recruitment of young animals into the population 
Gones and Coman 1982a). Juveniles comprised approximately 40% of the population 
in January of each year Gones and Coman 1982a). 
Population densities of the Cat also appear to be related to the temporal and spatial 
availability of resources, particularly prey (Carr and Macdonald 1986). For example, 
when the Rabbit Oryctolagus cuniculus - its preferred prey - is relatively abundant in 
semi-arid regions, estimates of population densities of the Cat have been as high as 4.7 
per km2 (Newsome 1991). High population densities of the Cat also have been 
recorded on sub-antarctic islands where population densities of prey also were high. 
For example, maximum estimates of 6.7 per km2 have been recorded on Kerguelen 
Island, 9 per k.m2 have been recorded on Hog Island, and 7 per km2 have been recorded 
on Macquarie Island (Derenne 1976; Derenne and Mougin 1976; Jones 1977). 
The Fox 
The Fox is widely distributed throughout mainland Australia, with the exception of 
far-northern Australia and Tasmania (Wilson et al. 1992; Kinnear 1993; Coman 1995; 
Figure 2.2). 
As for the Cat, estimates of densities of the Fox are crude and probably inaccurate. 
Measurements of population densities are difficult for a number of reasons including; 
its behaviour (e.g., it is nocturnal and elusive), which is complicated by cyclical 
changes in population densities of the Fox associated with prey abundance; and 
survey methodology (i.e., comparability of data) (Saunders et al. 1995). 
As for most animals, population densities of the Fox vary with the productivity, or 
carrying capacity, of the environment (Saunders et al. 1995). In resource-rich habitats 
(e.g., urban areas in Britain) population densities as high as 15 adults per km2 have 
been recorded (Harris and Rayner 1986; Harris and Smith 1987). In relatively 
resource-poor environments (e.g., tundra or boreal forest) population densities may be 
as low as 0.1 adults per km2 (Voigt 1987). 
In Australia, population densities of the Fox are perceived to be highest inside the 
Dingo Fence where the Rabbit and other sources of food, such as carrion, is abundant, 
and there are low numbers of the dog. Fewer numbers of the dog may be an advantage 
for the Fox as it may reduce interspecific competition (see Section 2.4). Relatively low 
population densities of the Fox reputedly occur in the heavily timbered coastal areas 
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(Wilson et al. 1992). Low population densities of the Fox (between 0.6-2.0 foxes per 
km2) also occur in semi-arid and arid regions (Saunders et al. 1995). In more 
productive environments, estimates of densities of the Fox population are more 
variable. For example, 0.2 per km2 has been recorded in dry sclerophyll forest, 1.8 per 
km_2 in sub-alpine areas, 3.9 per km2 in temperate pastoral regions, and as high as 12 
per km2 in urban areas (Saunders et al. 1995). 
The Dog 
Before European settlement, the dog (i.e., the Dingo) was present throughout Australia, 
except for Tasmania and other offshore islands (Wilson et al. 1992). Since then, the 
broad distribution of the dog has contracted. It has been eliminated from much of the 
rangelands of south-east and south-west Australia due to intensive dog control in 
sheep-farming areas (Wilson et al. 1992). In addition, the Dingo Fence has excluded 
the dog from large parts of its former range (Wilson et al. 1992). 
Population densities of the dog appear to be highest in northern and central Australia. 
Relatively high densities also occur in small pockets in the Great Dividing Range and 
coastal NSW (Figure 2.3). Population densities appear to fluctuate according to prey 
abundance and control efforts by humans. For example, in the Fortescue River region, 
Western Australia, the dog occurred in high densities when it had access to an 
adequate food supply (kangaroos) and where there was minimal control of its 
populations by humans. Following aerial baiting, and in conjunction with relatively 
low numbers of kangaroos, population densities dropped. Populations slowly 
increased once aerial-baiting ceased and kangaroo populations increased (Thomson et 
al. 1992). Changes in pack size and social structure in response to fluctuating food 
resources also were thought to contribute to these findings (Thomson et al. 1992). 
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Figure 2.1 - The distribution and population density of the Cat in Australia. TI1ere is 
limited information on the population densities of the Cat in Australia. This is 
because the Cat is relatively small, cryptic, nocturnal and of little economic 
importance. Estimates of population densities were based on the number of sightings, 
and thus is biased towards populated areas. (Source: Wilson et al. 1992) 
II High density 
Medium density 
~)!11~ Low density 
0None 
Chapter 2: 11 
Figure 2.2 - 111e distribution and population density of the Fox in Australia. The 
points of low population density throughout northern and western Australia represent 
sightings. (Source: Wilson et al. 1992) 
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Figure 2.3 - The distribution and population density of the dog in Australia. Estimates 
of population densities were based on signs (e.g., tracks, scats, howling) and sightings. 
The map shows differences in the population densities. Boundaries between areas 
with different densities are more abrupt than reality. This is a consequence of the 
subjective nature of the judgements. However, higher population densities of the dog 
in South Australia and Queensland compared to adjacent NSW are a result of the 
Dingo Fence which runs along the border between the two States. (Source: Wilson et al. 
1992) 
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2.2.2. REPRODUCTION IN THE CAT, FOX AND DOG 
The Cat 
The female Cat can give birth at almost any time of the year. However, most births 
occur between September and March with a peak during the spring months Gones and 
Coman 1982b). Thus, the Cat is considered to be a non-seasonal breeder (Wilson et al. 
1992). A mean litter size of 4.4 has been recorded in a variety of habitats in south-
east Australia (Jones and Coman 1982b). Females are sexually mature at 
approximately 12 months, and males between 12-15 months (Jones and Coman 
1982b). 
The Fox 
In south-east Australia, the female Fox reproduces from July to October with most 
cubs born during August and September (Mcintosh 1963; Ryan 1976a; Saunders et al. 
1995). The mean litter size is four, but up to ten cubs may be born (Saunders et al. 
1995). The breeding season for the Fox appears to be shorter than that of the Cat and 
dog in NSW and Victoria (Table 2.1). 
The Dog 
The onset and extent of breeding in the dog varies with age, social status, latitude, 
seasonal conditions, and whether the animals are pure Dingo or hybrid (Corbett 
1995b). The female Dingo commences breeding when it is two years old and usually 
mates in May /June in southern temperate Australia, one month later than in central 
Australia (Corbett 1995b). Thomson (1992a) found that the length of the breeding 
season for the Dingo in north-west Australia was approximately three months. 
Hybrid animals, such as those in south-east Australia, have a reproductive pattern 
similar to the domestic dog and hybrid females appear to be capable of breeding 
throughout the year (Catling et al. 1992). Jones and Stevens (1988) reported a seven-
month breeding season for the dog in Victoria, from March to September with a peak in 
July. Catling et al. (1992) also found that the breeding season for the dog in south-east 
Australia was longer than for the Dingo. Jones and Stevens (1988) suggested that 
hybridisation with the domestic dog may have extended the breeding season of the dog 
in their study. 
In arid Australia, the male Dingo appears to be a seasonal breeder, while in south-east 
Australia the male Dingo and hybrids are capable of breeding throughout the year 
(Catling et al. 1992; Corbett 1995b). In addition, hybrids have been shown to have 
larger litters than the Dingo (Catling et al. 1992). It is possible that these differences 
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are due to environmental factors, such as temperature, rather than hybridisation 
(Corbett 1995b). 
Hybrid females are capable of having two litters per year, unlike the female Dingo that 
has one litter per year (Corbett 1995b). Nevertheless, only one litter is usually 
produced by hybrid females (Corbett 1995b). The average litter size is five (Corbett 
1995b) in all habitats. Most births occur during June/ July and October/ December in 
southern and northern Australia respectively. 
Table 2.1 - Reproduction in the Cat, Fox and dog in NSW and Victoria. Degree of 
shading indicates the relative proportion of litters in the population. Solid shading 
indicates when most young are born. Light shading indicates that relatively fewer 
young are born in these months. Information on reproduction in the dog is for hybrids 
only. (Source: Ryan 1976a; Jones and Coman 1982b; Corbett 1995b) 
Month N D J F M A M 
Dog 
Fox 
Cat 
2.2.3. HOME-RANGE SIZE OF THE CAT, FOX AND DOG 
The Cat 
Home-range size of the Cat is variable and appears to depend on factors such as 
gender, physiological conditions (e.g., nursing females), and the abundance and 
patchiness of resources. Many studies have found that the home-range size of the 
male Cat is generally larger than for the female Cat (Jones and Coman 1982a; 
Fitzgerald and Karl 1986; Konecny 1987; Langham and Porter 1991; Langham 1992; 
Molsher 1999). Table 2.2 provides information on the home-range size of the Cat in a 
range of environments. 
Konecny (1987) studied the home-range sizes of two Cat populations living on Tagus 
Cove Island and Cerro Colorado Island of the Galapagos Islands. Both populations 
lived in similar environments but with different spatial availability and abundance of 
prey. In homogeneous habitats with relatively low numbers of prey (Tagus Cove 
Island) the Cat generally had smaller home-range sizes, ranging from 0.21-0.49 km2 for 
females (n = 2) and 0.35-3.63 krn2 for males (n = 4). Home-range sizes of the Cat 
living in heterogeneous habitats with high numbers of prey (Cerro Colorado Island) 
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were larger, ranging from 0.49-2.1 km2 for females (n = 2) and 0.74-7.6 km2 for males 
(n = 6) (Konecny 1987). 
It was expected that the Cat from Tagus Cove Island would have larger home-ranges 
because of the relatively low numbers of prey (Konecny 1987), but this was not the 
case (see above). The results could be explained by examining the level of overlap 
between home-range sizes of individuals from each island. The Cat from Tagus Cove 
Island had significantly less overlap in home-range than the Cat from Cerro Colorado 
Island (Konecny 1987). This was consistent with the Threshold Model of Territoriality 
and the Resource Dispersion Hypothesis (Carpenter and McMillen 1976; Macdonald 
1983; Konecny 1987). The Threshold Model of Territoriality assumes that at high 
resource levels there is no benefit of territoriality while at lower resource levels there is. 
However, at extremely low resource levels territoriality becomes too expensive to 
maintain (Carpenter and McMillen 1976). The Resource Dispersion Hypothesis 
maintains that resource (particularly food) dispersion sets the limits to the group and 
territory size of carnivores (Macdonald 1983). 
The Cat from the relatively resource-rich habitat shared resources within its home-
ranges, but the Cat from the relatively resource-poor habitat maintained discrete, non-
overlapping home-ranges. Thus, heterogeneous environments may result in different 
foraging patterns and consequently larger home-ranges than homogeneous 
environments. Increasing the home-range size enabled the Cat on Cerro Colorado 
Island to search more patches and thus increase the likelihood of encountering prey 
(Konecny 1987). In addition, prey abundance and habitat heterogeneity also may have 
influenced the extent to which the home-ranges overlapped. 
The female Cat may have smaller home-ranges when it is pregnant or lactating Gones 
and Coman 1982a; Fitzgerald and Karl 1986; Langham 1992), but the results from 
studies that have investigated this are inconsistent. Langham and Porter (1991) found 
that in summer, females had larger home-ranges than at other times of the year. They 
suggested that lactating females need to forage further afield to obtain food for kittens. 
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Table 2.2 - Mean home-range sizes of the Cat (ha) (mean± s.d. when available) 
(adapted from Langham and Porter 1991). Studies conducted in urban environments 
on the home-range of the Cat have not been used in this table. 
N = nocturnal home-range. 
D = diurnal home-range. 
Figures in parentheses indicate sample size. 
Key: 
t studies that used the minumurn convex polygon method for the analysis of radio-telemetry 
data and are therefore directly comparable. 
NB: The largest home-range size for each population (regardless of season) has been used in 
this table. 
Home-range (ha) 
Females Males Environment Co wt try Source 
N D N D 
170±141 615±275 semi-arid Australia Jones and Coman (2) (4) (1982a)+ 
35±20 (2) 149±146 arid/open Galapagos Konecny 
(4) woodland Islands (1987)t 
130±114 407±284 arid/open Galapagos Konecny 
(2) (2) woodland Islands (1987)t 
108±40.6 110±20.4 236±45.2 261±30.7 open forest Australia Molsher (1999) 
(4) (4) (8) (8) 
70±24 17±4 156 3 agricultural New Langham 
(4) (4) Zealand (1992)+ 
154±21 91±67 239±97 134±85 agricultural New Langham and 
(9) (12) (4) (7) Zealand Porter (1991) t 
80±54 150±11 forest I scrub I New Fitzferald and 
(5) (4) rural Zealand Kar (1986) 
The Fox 
In general, the Fox has well-defined home ranges with non-overlapping borders 
(Saunders et al. 1995). Home ranges of the Fox are generally inversely proportional in 
area to the productivity of the environment, varying between 1600 ha in the Canadian 
tundra to 30 ha in urban environments (Saunders et al. 1995). Mean home-range sizes 
of the Fox in non-urban environments are given in Table 2.3. 
In Australia, home-range size of the Fox is also variable and is likely to be related to 
productivity of the environment. Generally, home-range sizes of the Fox are smaller in 
relatively productive environments compared to less productive environments, such as 
arid regions (Saunders et al. 1995). For example, in a relatively resource-rich semi-
urban area home-range sizes of the Fox were relatively small - ranging between 0.6-
1.3 krn2 (n = 3) (Coman et al. 1991). Where resources are scarcer, home-range sizes of 
the Fox may be larger. For example, in coastal forest of south-east Australia, home-
range sizes varied between 1.2-5.2 km2 (n = 3). However, small home-ranges of the 
Fox have also been recorded in relatively resource-poor environments. For example, in 
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semi-arid Australia, Marlow (1992) found that mean home-range size of the Fox was 
just over 1 km2. 
Again, these results are consistent with the Threshold Model of Territoriality and the 
Resource Dispersion Hypothesis (discussed above) (Carpenter and McMillen 1976; 
Macdonald 1983). The high degree of overlap of home-ranges of the Fox in Coman et 
al.'s (1991) study suggested that the resources found within that area were supporting 
more than one animal. The Fox in Marlow's (1992) study had limited home-range 
overlap; resources were monopolised by individuals within their home-range. 
The home-range size of females also may change during the year depending on whether 
they are breeding or not. For example, Travaini et al. (1993) found that one female fox 
had a smaller home-range during the breeding season. Travaini et al. (1993) suggested 
that this size reduction may have been a result of energetic and behavioural shifts due 
to breeding condition, such as gestation, lactation and cub rearing. However, Phillips 
and Catling (1991) found that the home-range size of one female fox did not change 
between pre-denning and denning periods. Given the small number of studies 
investigating the home-range size of females in relation to breeding condition and small 
sample sizes, the results are inconclusive. 
Table 2.3 - Mean home-range size of the Fox in natural environments (mean ± s.d when 
available). Where s.d. was not provided, the minimum and maximum home-ranges is 
given. Data for males and females have been combined. Figures in parentheses 
indicate sample sizes. 
Home-range Environment Country Source 
(ha) 
114±49 (7) forest/savarma USA Ables (1969) 
61.3-769.7 (4) pine forest Italy Lovari et al. (1994) 
218±76 (7) marsh I shrub I sand dunes Spain Travaini et al. (1993) 
277-3420 (7) alpine/ subalpine British Jones and Theberge (1982) 
Colombia 
489±15 (2) forest Australia Phillips and Catling (1991) 
230±130 (3) pasture/woodland Australia Coman et al. (1991) 
90±36 (3) semi-urban Australia Coman et al. (1991) 
The Dog 
Home-range size of the dog varies considerably and appears to be related to 
productivity of the environment (Thomson 1992a). In general, home-range size of the 
dog in the forests of south-east Australia (eastern highlands) is smaller than in arid 
regions (Corbett 1995b; Table 2.4). Smaller home-range sizes in the eastern highlands 
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may be related to relatively high productivity, milder climate and larger diversity of 
prey (Corbett 1995b). Corbett (1995a) suggested that the most important factor 
determining home-range size is the reliability of food (rather than abundance per se), 
and perhaps its predictability. Hence, the dog in arid regions requires large home-
range sizes to exploit relatively irregular/ unpredictable food resources. In temperate 
forests, home-range sizes can be smaller as food is relatively more diverse and reliable 
(Corbett 1995b). Water availability is also more reliable in eastern Australia. 
As with the female Cat and Fox, home-range size of the female dog may become 
smaller during the breeding season. Thomson (1992b) found that breeding females 
occupied a smaller area and had restricted movements during the nursing season 
compared to all other seasons. 
Table 2.4 - Mean home-range size of the dog (km2) in Australia. Where possible, 
home-range estimates have been restricted to adult animals. 
Key: 
Figures in parentheses indicate sample sizes. 
* = The number of males and females radio-tracked is not clear. 
NB: The number given represents the total number of males and females and may include 
home-range sizes for juvenile animals. 
Home-range (ha) Environment Source 
Male Female 
2700 (4) - forest Harden (1985) 
10 (11 *) 11 (11*) coastal forest Corbett (1995a) 
20 (8*) 12 (8*) tableland forest Corbett (1995a) 
25 (9) 15 (5) swamp/grassland/ forest Mcllroy et al. {1986) 
136 (3) 81 (8) semi-arid Thomson (1992b) 
2.2.4. MOVEMENTS AND ACTIVITY OF THE CAT, FOX AND DOG 
The Cat 
The Cat is generally more active at night than during the day. The periods of greatest 
activity occur at dusk and dawn, coinciding with the time when prey is active (Liberg 
1980; Jones and Coman 1982a; Konecny 1987). However, there are exceptions to these 
patterns. For example, Fitzgerald and Karl (1986) and Paton (1994) found that the 
Cat was active both during the day and at night. Langham (1992) also found that 
lactating females were active during the day and at night. 
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The Fox 
The Fox is generally active from dusk to dawn (Voigt 1987; Saunders et al. 1995). 
However, Phillips and Catling (1991) found that one female fox switched from being 
nocturnal during the pre-denning period to almost entirely diurnal during the denning 
period. 
Dispersal commences in late summer and continues through to the onset of breeding in 
winter (Saunders et al. 1995). Dispersing or transient individuals may travel many 
kilometres. For example, dispersing individuals have been found to move between 
1.6-394 km from their den (Lloyd 1980; Coman et al. 1991). 
The Dog 
Thomson (1992a) found that the Dingo in semi-arid and arid Australia was most 
active around sunrise and sunset. This may have been related to the peak activity 
periods of its major prey species, the Common Wallaroo Macropus robustus and Red 
Kangaroo M. rufus. Thomson (1992a) also observed that the Dingo rested in shade 
during the middle of the day, when temperatures were high. This may have been due 
to the extreme temperatures of the area studied by Thomson (1992a) and may not be 
applicable to dog populations in moderate climates. For example, in the forests of 
north-east NSW, Harden (1985) found that the dog was active in the middle of the 
day. 
Some individuals, particularly lone or transient animals, may travel more than 8 km in 
one day (Thomson 1992b). However, short-term movements of the Dingo have been 
shown to be generally small (3.3 ± 0.06 km) (Thomson 1992b). 
2.2.5. SUMMARY - REPRODUCTION, HOME-RANGE SIZE AND ACTIVITY 
PATTERNS OF FERAL PREDATORS 
There are differences between the length and timing of breeding in the Cat, Fox and 
dog. The Cat may produce litters in all months except April with a peak during 
September and October and a smaller peak during December and January. The Fox 
appears to have a relatively short breeding season from June to October, with most 
litters being born during August and September. The dog has a long breeding season, 
from November to September, with most litters being born during June and July. 
Home-range size of the Cat and Fox are similar, while the home-range size of the dog is 
generally larger than that of the Cat and Fox. The home-range sizes of individuals 
appears to be related to a number of factors, including gender and productivity of the 
environment. Males tend to have larger home-ranges than females. In general, home-
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range sizes of individuals living in relatively less productive envirornnents tend to be 
larger than those of individuals living in relatively productive environments. However, 
this is not always the case: some studies have shown that home-range sizes of the Cat 
and Fox can be smaller in relatively resource-poor environments compared to where 
resources are relatively abundant. This may be explained by the Threshold Model of 
Territoriality and the Resource Dispersion Hypothesis (Carpenter and McMillen 1976; 
Macdonald 1983) 
Few studies have investigated the home-range size of the Cat, Fox and dog in forest 
environments in Australia. 
Feral predators tend to be nocturnal. However, diurnal activity has been observed in 
the Cat and Fox, particularly in lactating females . Climatic factors, such as 
temperature, may be one of the factors influencing the degree of diurnal activity in the 
dog. 
2 . 3. THE IMPACT OF PREDATION BY FERAL PREDATORS ON NATIVE 
FAUNA 
It is difficult to assess the impact of feral predators on native animals in isolation from 
other compounding factors, such as habitat destruction and modification. However, 
there is a growing body of evidence that indicates that feral predators are a significant 
threat to Australian fauna (Burbidge 1971; Burbidge and George 1978; Johnson et al. 
1989; Leader-Williams and Walton 1989; Deeker 1993). The species most at risk are 
native mammals that have an adult body weight of between 35-5500 g. This is 
referred to as the Critical Weight Range (CWR) (Burbidge and McKenzie 1989). There 
is also evidence to suggest that feral predators adversely affect non-mammalian fauna, 
such as birds and reptiles (Lill 1980; Thompson 1983; Czechura and Covacevich 
1985). However, there is generally less information about the impact of feral predators 
on these taxa. The potential threats that feral predators pose to native species include 
predation, competition and transmission of disease (Robertshaw and Harden 1986; 
Kinnear et al. 1988; Morris 1993; Dickman 1995a; Moodie 1995). 
The impact of feral predators on native species can occur at the individual, 
population, regional and national level. They also may affect the abundance and 
distribution of a species, particularly in Australia where native species have not co-
evolved with these predators. Impacts may vary between different species according 
to their circumstance and ability to recover from high levels of predation, and may 
occur over a period of days, years or permanently, as in the case of extinction 
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(Dickman 1995a). The functioning of communities and ecosystems also may be 
affected by feral predators. However, less is known about this. 
2.3.1. PREDA TOR - PREY RELATIONSHIPS 
The relationship between predators and their prey has been a fundamental question in 
ecological research. Key issues include the role of predators in regulating prey 
populations and their role in maintaining community structure and function. 
This section discusses the role of predators in prey population dynamics. It describes 
the kinds of responses predators can have in relation to prey densities, the choice of 
prey by predators, the role and importance of predators in communities where 
predators and prey have co-evolved, and feral predator-prey relationships in 
Australia. 
Predator Response To Prey DensihJ 
The responses of predators to changes in prey densities are of two types - functional 
and numerical. The functional response describes the effect of individual predators in 
terms of the number of prey eaten per predator at different prey densities (Pech et al. 
1992). The numerical response describes how the whole predator population responds 
to changes in prey density (Taylor 1984; Pech et al. 1992). 
Holling (1959) distinguished three different functional response curves: Type-I (linear); 
Type-II (convex); and Type-III (sigmoid/concave curve) (Figure 2.4). As can be seen by 
Figure 2.4, all curves reach an asymptote at high prey densities. In the functional 
response, the asymptote is reached due to satiation (either through handling time or 
gut processing) which limits the amount of prey that can be eaten, even if more prey 
are available (Pech et al. 1992; Boutin 1995; Sinclair et al. 1998). An asymptote is 
reached during a numerical response because predators tend to reach some socially 
imposed limit through factors such as interference or territoriality, which prevents 
predator populations increasing indefinitely (Pech et al. 1992; Boutin 1995; Sinclair et 
al. 1998). 
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Figure 2.4: Holling's three classes of functional response curves (Source: Taylor 1984). 
f (H) Type I Type II 
h h 
f (H) Type III 
In the Type-I and II response, a predator consumes more as prey density increases, but 
the curves tend monotonically to an asymptote. Thus, a decreasing proportion of the 
prey population is taken as prey density increases. That is, the effects of predation 
are usually inversely dependent on density (depensatory), particularly when the prey 
are not the primary food supply of predators (Sinclair et al. 1998). 
The Type-III response curve is sigrnoidal where few if any prey are taken at low 
densities but are actively sought at higher densities (Sinclair et al. 1998). This implies a 
density-dependent response of predators to prey (Pech et al. 1992; Boutin 1995). The 
biological basis for the Type-III response has generally been regarded as due to factors 
such as learning, bioenergetic optimisation of search effort, prey refugia, risk and 
vulnerability (Dale et al. 1994 and references therein). However, prey switching by 
predators, in which prey are not consumed in any quantity until they reach a certain 
threshold (Boutin 1995), also may result in a Type-III response. Thus, it is more likely 
to be a response shown by generalist predators (Andersson and Erlinge 1977). If 
individual predators respond to an increase in prey by killing a higher proportion of 
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that population, they have a regulating influence, even when there is no numerical 
response (Dale et al. 1994). 
The total response of predators (i.e., the product of the functional and numerical 
responses) forms the basis for understanding how predators and their prey affect the 
population dynamics of each other (Pech et al. 1992; Boutin 1995). The differences 
between Type-II and III interactions has important implications for the conservation of 
native species (Sinclair et al. 1998). For example, Type-II or III interactions determine 
the stability of a system (Sinclair et al. 1998). Type-III interactions are theoretically 
more stable. Thus, any management activity that can alter the predator-prey 
interaction from Type-II to Type-III can increase chances of survival of the prey species 
(Sinclair et al. 1998). 
The response of predators towards changes in density in prey species and Type-II and 
Type-III interactions is discussed below. 
Choice Of Prey 
Choice of prey is predicated on a number of factors, including energy and nutritional 
content, the temporal and spatial abundance of different prey, the vulnerability of 
different species to predation (i.e., success in finding, handling and consuming prey), 
intraspecific competition, age and experience, hunger and hunting strategies (Taylor 
1984; Corbett and Newsome 1987 and references therein; Corley et al. 1995; Schmitz 
1995; Cox 1997). 
Specialist predators, such as weasels Mustela spp., prey on one species or a group of 
related species (Andersson and Erlinge 1977). Generalist predators generally consume 
prey species according to their relative abundance - thereby optimising their foraging 
(but see Corbett and Newsome 1987). Once the numbers of one prey species have 
declined, generalist predators may switch to other, relatively more numerous species. 
This is referred to as prey switching (Oaten and Murdoch 1975). For example, in the 
arctic tundra, as the numbers of lemmings increase, the Arctic Fox Alopex lagopus and 
Snowy Owl Nyctea scandiaca may shift more of their hunting effort to these animals. 
When lemming numbers decrease, these predators may switch to alternative prey, such 
as the Arctic Hare Lepus arcticus (Anjerbom et al. 1999). Similarly, Tengmalm's Owl 
Aegolius funereus was found to switch hunting efforts to the Bank Vole Clethrionomys 
glareolus when the abundance of its preferred prey (Microtus spp.) was low (Korpimaki 
and Norrdahl 1989). 
Predators also can select individuals of a prey population that are vulnerable to 
predation, such as those that are very young or old, weak, diseased or injured. This is 
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referred to as 'high selectivity' and may result in the removal of individuals that are 
considered to be the least important to prey population growth (Taylor 1984). A 
number of predators show 'high selectivity' for prey that are otherwise difficult to 
capture. Conversely, predators tend to show 'low selectivity' in prey that are easy to 
capture (Cox 1997). Pursuit predators such as the Lion Panthera Leo, Cheetah Acinonyx 
jubatus and Gray Wolf Canis lupus, tend to "test" the condition of their prey, and thus 
often show strong 'high selectivity'. Table 2.5 shows the difficulty of prey capture in 
relation to the degree of selectivity by large mammalian predators. Selection of prey 
that are young, diseased or infirm appears to be greatest when predators are roughly 
the same size or smaller than their prey, and they are pursuit predators. Such an 
encounter is more likely to reveal physical defects than an ambush style of capture 
(Taylor 1984). 
Table 2.5 - Difficulty of prey capture in relation to degree of selectivity by large 
mammalian predators (Source: Cox 1997). 
Predator Prey Difficulty of capture 'High selectivity' 
Tiger Deer Difficult Yes 
Pig Easy No 
Lion Wildebeest Difficult Yes 
Zebra Difficult Yes 
Cape Buffalo Difficult Yes 
Gazelle Easy No 
Cheetah Wildebeest Difficult Yes 
Gazelle Easy No 
Mountain Lion Elk Difficult Yes 
Deer Easy No 
Gray Wolf Moose Difficult Yes 
Caribou Difficult Yes 
Deer Easy Sometimes 
Wild Dog Wildebeest Difficult Yes 
Zebra Difficult Yes 
Gazelle Easy No 
Coyote Deer Difficult Yes 
Pronghorn Difficult Yes 
Sheep Easy No 
Choice of prey also may be a function of the susceptibility or vulnerability of species 
(rather than individuals within a population) to predation. Vulnerability of prey 
species to predation may be a function of several factors including its ability to escape 
predation and the level of vegetation cover, which is related to micro-habitat structure 
and use. For example, three cricetine rodents Akodon spp. were the preferred prey of 
the Patagonian Culpeo Fox Dusicyon culpaeus, despite being notably less abundant 
than the Silky Mouse Eligmodontia typus. The longer hind legs of the Silky Mouse 
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meant that it had a greater ability to escape and thus was less vulnerable to predation 
(Corley et al. 1995). Similarly, Tengmalm's Owl preys primarily on folivorous Microtus 
spp. which are reputedly slow and clumsy and are thus more vulnerable to predators 
than are other potential prey species, such as the Bank Vole (Hansson 1987). In 
addition, Microtus spp. occupy open habitats with limited vegetation cover in spring 
and are thus more exposed to avian predators than the Bank Vole (Korpimaki and 
Norrdahl 1989). In any given habitat, prey can use protected and unprotected areas 
according to its availability, or restrict their activities to those areas that offer greater 
protection to avoid being caught by predators (Thompson 1982; Sievert and Keith 
1985; Wywialowski 1987; Corley et al. 1995). 
Prey populations also may alter their behaviour and reproduction to make them less 
vulnerable to predation. For example, exposure to predation appeared to reduce the 
home-range size of voles and was probably a direct behavioural response of voles to 
the presence of predators (Desy et al. 1990). Although this response may reduce the 
risk of prey populations to predation, it also may restrict prey species' access to food 
and thus inhibit growth rates and dispersal. Fenn and Macdonald (1995) found that a 
population of the Norway Rat Rattus norvegicus changed its foraging patterns from 
nocturnal to diurnal to avoid predation by the Fox. It resumed nocturnal activity once 
the Fox was removed. Banks et al. (1999) observed that the Rabbit increased the 
distance it foraged from cover by, on average, three times at sites where the Fox was 
removed compared to individuals at sites where the Fox was present. Research also 
has shown that animals may change their breeding behaviour under high predation 
risk. For example, researchers have found that the presence and number of weasels 
can suppress reproduction in the Bank Vole (Ylonen 1989; Korpimaki et al. 1994; 
Norrdahl and Korpimaki 1995). These responses may be viewed as an antipredatory 
adaptation (Ylonen and Ronkainen 1994). 
The Role Of Predation On Prey Population Dynamics 
A central issue of predator-prey interactions is whether predators regulate or stabilise 
prey population dynamics {Taylor 1984; Schmitz 1995). Even in seemingly simple 
ecosystems (i.e., low species diversity and relatively uncomplicated food webs), such 
as the Arctic tundra, population dynamics and interactions between species are 
complex. Extreme fluctuations in herbivore populations over relatively regular 
intervals of years, which are referred to as cycles, are a major feature of the tundra 
region (Chitty 1996 and references therein). These, in tum, influence many of the 
mammal and bird species in the community (Anjerborn et al. 1999). In boreal forests in 
North America and Canada, the Snowshoe Hare Lepus americanus is the pivot for these 
fluctuations, with a cycle of approximately 10 years (Boutin et al. 1995). In Eurasia, 
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the pattern is dominated by 3-5 year fluctuations in microtine rodents (Chitty 1996). 
Most of the research investigating the role of predators on small mammal populations 
has been conducted on these species. 
The cause of fluctuations in small herbivore populations is not yet fully understood. 
However, many researchers believe that predators play a critical role (Erlinge et al. 
1983; Trostel et al. 1987; Korpimaki et al. 1991; Hanski et al. 1991; Krebs et al. 1995). 
Other ecologists maintain that a shortage of high-quality food may limit population 
growth (White 1978; Rhoades 1985; Batzli 1986). A number of intrinsic factors also 
may influence population cyclicity, such as behavioural-genetic mechanisms (Taylor 
1984; Chitty 1996). 
Several studies have followed predation through portions of a cycle. Examples and 
conclusions from this research are provided below. Several studies also have 
investigated the role of larger predators, such as the Coyote Canis latrans and Gray 
Wolf, in regulating prey numbers. Examples of these are also provided. Note that 
these example refer solely to situations where predators and their prey have co-
evolved. 
Example 1: Microtine Rodent-Predntor Cycle 
Predator cycles have been shown to link with the cycles of lemmings and voles (Chitty 
1996). Andersson and Erlinge (1977) divided predators into three groups based on 
their effects on the population dynamics of these mammals. These groups are resident 
generalists, resident specialists, and nomadic specialists. 
Resident generalists are likely to have a stabilising influence on rodent populations as 
they switch between alternative prey depending on their availability. In Fennoscandia, 
population dynamics of small mammal prey species, especially voles, form a 
continuum from strongly cyclic populations in northern Fennoscandia (Henttonen et al. 
1985), to weakly cyclic populations in western Finland (Korpirnaki and Norrdahl 
1989, 1991), and non-cyclic populations in southern Sweden (Erlinge et al. 1983). The 
prevalence of generalist predators in southern regions is thought to dampen cycles 
created by specialist predators (Erlinge et al. 1983; Hanski et al. 1991). Similarly, non-
cyclical populations of the Collared Lemming Dicrostonyx torquatus in Canada may be 
due to the seasonal influx of generalist predators (Krebs et al. 1995). Prey switching by 
generalist predators may result in longer-term stability, and non-cyclicity, of prey 
populations (Hornfeldt 1978; Angelstam et al. 1985; Hanski et al. 1991; Small et al. 
1993). 
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Resident specialist predators may deepen and prolong the low phase of vole cycles, 
but they don't appear to arrest the increase of vole numbers. For example, weasels are 
important specialist predators of rodents in the Northern Hemisphere (Korpimaki et al. 
1991). Their morphology and hunting technique makes them efficient hunters of small 
rodents, preying on all age cohorts of a population. They also have limited mobility 
and remain in an area even when prey becomes scarce. Thus, they have the potential 
to depress rodent populations to very low numbers. In response to low numbers of 
prey, weasels can suffer high mortality due to starvation and decline in numbers. As 
predation pressure declines, rodent populations can begin to recover. However, since 
population growth is usually slower in predators, weasels are not able to maintain 
their numbers relative to the prey population. This results in time-lags in the increase 
of populations of resident specialist predators compared with populations of rodents. 
When the prey population begins to decline (as a result of the depletion of food, 
disease etc), predators may continue increasing in numbers for some time. The 
proportion of the rodent population consumed may then increase markedly. 
Substantial time-lags may have destabilising effects and consequently enhance 
oscillations of rodent populations (Andersson and Erlinge 1977; Korpimaki et al. 
1991). 
Nomadic specialist predators may dampen vole cycles by truncating population 
peaks. This is because they can track (without time-lags) population fluctuations of 
microtine prey. For example, Korpimaki (1985) found there was a relationship 
between the breeding densities of avian specialist predators (in particular Tengmalm's 
Owl) and the density of voles. The avian specialist predators were able to respond 
rapidly to fluctuations in prey numbers because of their high mobility. This has the 
potential to stabilise small mammal populations by truncating population peaks 
(Andersson and Erlinge 1977; Korpimaki 1985). 
Predators may exhibit different responses to populations of sympatric prey species. 
For example, Angerbjorn et al. (1999) investigated predator-prey relationships 
between the Arctic Fox and three sympatric lemmings, the Siberian Lemming Lemmus 
sibiricus, Norwegian Lemming L. lemmus and Collared Lemming. Angerbjom et al. 
(1999) found that the predatory response to Lemmus spp. (Type-II response curve) 
was different from the Collared Lemming (Type-III response curve). The Arctic Fox 
based its diet on Lemmus spp. even when they occurred at very low densities. This 
indicated that the Arctic Fox had a preference for these species. Thus, the Arctic Fox 
may act as a resident specialist predator of Lemmus spp. and as a result, may increase 
the amplitude and period of these prey population cycles (Angerbjorn et al. 1999). 
However, for the Collared Lemming, the Arctic Fox appeared to act as a generalist 
predator, suggesting a capacity to dampen population oscillations of this species 
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(Angerbjorn et al. 1999). The Collared Lemming may be less vulnerable to predation by 
the Arctic Fox as it digs extensive burrows. Thus, it may be better protected against 
predation, which would be more pronounced at lower population densities and than 
for Lemmus spp. (Taylor 1984). 
Other factors may influence the role of predation in driving population cycles of small 
rodents. For example, Erlinge et al. (1990) compared reductions in vole populations in 
the presence and absence of predators. They found that vole populations declined 
faster and reached lower densities when exposed to predators. However, rates of loss 
accelerated in late winter when predators were absent and also when extra food was 
available. Declines also were apparent in the control areas. The pattern of decline 
could not be explained by predation and food shortage alone. However, the authors 
did demonstrate that by making the habitat more favourable (predator exclusion and 
food supplementation), higher numbers of animals could occur and be maintained for 
longer compared with control sites. 
Behavioural-genetic mechanisms also may play a part in driving microtine rodent 
population cycles. This hypothesis maintains that oscillations in microtine rodent 
populations is due to qualitative changes in the structure of populations. The 
mechanism is genetic, viz:- a polymorphism in genetically determined behavioural 
types may drive the cycle by alternating between greater fitness at high densities of a 
behaviourally aggressive form which breeds poorly, and at low densities of a fast 
breeding, socially tolerant animal (Taylor 1984; Chitty 1996). 
Example 2: Snowshoe Hare-Lynx Cycle 
The Snowshoe Hare-Lynx Felis rufus cycle is another example of an oscillatory 
population. The size of populations of the Snowshoe Hare fluctuates over an 8-11 
year period in the northern boreal forests (Krebs et al. 1986). When available, the 
Snowshoe Hare provide the bulk of the diet of the Lynx and a range of other predators 
(e.g., the Coyote, Fox, Fisher Martes pennanti, Great Homed Owl Bubo virginianus and 
Goshawk Accipiter nisus). However, the Lynx appears to be the most specialised 
predator of hares. 
Krebs et al. (1986) found that the increase phase of the Snowshoe Hare cycle occurred 
at a rate which exceeded the predatory capacity of the predators. Population growth 
ceased when the vegetation that the hares relied on for winter browse was depleted. 
As a consequence, during the peak phase of the cycle, the fecundity of female hares 
began to drop and continued to decline for several years. Juveniles also grew more 
slowly during the decline. At this point in the cycle, predators, which had been 
reproducing well for several years, began to exert an influence. The winter survival of 
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hares, especially juveniles, declined as a result of predation. During this time, winter 
weight gain improved, hares were more fecund, and juvenile growth and survival 
improved (Krebs et al. 1986). However, because of heavy predation the numbers of 
hares did not increase. Predator numbers eventually declined in response to low 
numbers of hares; raptor numbers decreased and the Lynx experienced nearly 
complete reproductive failure at this point. The reduction of predation pressure 
facilitated the next phase of the population cycle - an explosive increase in hare 
numbers (Krebs et al. 1986). 
In summary, this study suggested that a shortage of food during winter can initiate the 
initial decline in numbers of the Snowshoe Hare from peak densities. Predation by 
specialist predators on the Snowshoe Hare then drives the population to yet lower 
densities, at which time the food supply can recover. Predator populations then 
decline in response to low numbers of hares. As a result, hares are exposed to lower 
levels of predation. This then allows it to fully utilise the available food resources and 
increase its numbers (Krebs et al. 1986). 
Evidence such as this is consistent with Andersson and Erlinge (1977), viz:- that 
specialist predators do not stop the growth of prey populations but drive declining 
prey populations (as a result of food depletion which is the limiting factor) to lower 
densities and lengthen the period of the population cycle. In addition, higher densities 
of generalist predators, as well as greater habitat heterogeneity in the southern part of 
the range of the Snowshoe Hare, may account for the less pronounced population 
cycles in these areas (Wolff 1980; Sievert and Keith 1985). 
The time-lag in the predator numerical response to peak hare densities is evidence for 
delayed density-dependent mechanisms in the hare-predator interaction (Krebs et al. 
1986). Other authors propose that delayed density-dependent mechanisms in the 
hare-vegetation interaction alone may by responsible for the 10 year cycle (e.g., Bryant 
1981; Fox and Bryant 1984). However, Boutin et al. (1986) and Trostel et al. (1987) 
maintain that predation alone can account for the cyclic population dynamics of the 
Snowshoe Hare. Schaffer (1984) offers an alternative explanation where the chaotic 
behaviour of a 3-level (vegetation-hares-predators) system is responsible for the cycle. 
Example 3: Coyote Predation On Mule Deer 
Mule Deer Odocoileus hemionus herds in many parts of California have declined in 
recent decades and predation is often cited as the cause, despite many wildlife 
biologists' belief that the main cause is habitat loss and deterioration (Cox 1997 and 
references therein). However, the mechanisms are complex and may involve basic 
changes in several aspects of ecology (Cox 1997). 
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A study on one herd found that the population had declined from 17000 animals in 
1952 to 2000 animals in 1986 (Cox 1977 and references therein). Despite high 
fecundity, low recruitment of young animals was found to be the cause of the 
population decline. The Coyote was implicated in the decline because fawns were the 
primary component of its diet at certain times of the year. However, it was found that 
heavy losses from predation was strongly associated with poor range condition. Fire 
suppression in summer habitat made conditions unsuitable for the deer. As a result, 
fawns were weak and easy prey for the Coyote (Cox 1997). 
Efforts to improve habitat quality, such as prescribed burning, did not lead to the 
recovery of the herd, and it has continued to decline. Some biologists now speculate 
that the deer population has fallen below critical numbers relative to predators - the 
Coyote and Mountain Lion Felis concolor (Bertram 1984; Cox 1997). 
This research supports the view that factors other than predation, such as habitat 
quality, are important for stability in predator-prey relationships. Furthermore, at low 
prey densities, predation can limit the ability of populations to recover. 
Example 4: Gray Wolf-Ungulate Relationships 
The Gray Wolf is one of the best studied large carnivores (Pimlott 1967; Mech 1979; 
Allen 1979; Fuller 1989). Even so, a full understanding of Gray Wolf-prey 
relationships has not been obtained. Isle Royale, Lake Superior, North America, is 
where one of the longest running studies of Gray Wolf ecology has occurred and thus 
forms the basis for much of the following discussion. The Moose Alces alces was 
attracted to early successional forest habitat on the island and on reaching the island 
underwent a population explosion. As a result, there was severe over-browsing of the 
vegetation. Several decades later, the Gray Wolf reached the island and Moose 
numbers decreased. Soon an apparent 'steady state' relationship of approximately 
20-22 Gray Wolves and approximately 600 Moose developed. Predation by the Gray 
Wolf appeared to be limiting the Moose population well below the levels set by food 
availability (Pimlott 1967). In addition, it was claimed that the population density of 
the Gray Wolf on the island was typical of the maximum density that Gray Wolf 
populations could achieve. Pack territoriality, combined with dominance behaviour 
that limits the size and structure of packs, appeared to set an upper limit to the 
population density of the Gray Wolf. This suggested a degree of self-regulation of 
Gray Wolf populations. Since the late 1960s, the Gray Wolf and Moose population of 
Isle Royale has fluctuated widely (Peterson and Page 1988). These oscillations seem to 
be related partly to changes in the quality of food for the Moose which affects the 
health and vigour of individuals, and the impact of disease (and perhaps lack of 
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genetic variability) on Gray Wolf populations. Thus, the Gray Wolf may limit prey 
populations at some times and not at others. 
Results from other studies also have indicated that the Gray Wolf, and other predators 
of large ungulates (e.g., bears), can limit prey below the carrying capacity of the 
habitat. For example, Jones and Mason (1983) and Hatter (1988) concluded that the 
Gray Wolf was responsible for the population decline of the Black-tailed Deer 
Odocoileus hemionus columbianus during the 1970s. The extremely low rates of 
recruitment which occurred when the Gray Wolf became widespread would not allow 
deer populations to increase, or remain stable, and declines were inevitable. Gasaway 
et al. (1992) contended that where Gray Wolf and bear populations had been subject 
to low-intensity hunting, Moose populations tended to be low and predation on 
newborn calves heavy. They concluded that if ungulates are reduced to low densities 
by severe winters, predation could suppress their populations. 
High ratios between the Gray Wolf and its prey may limit or depress the abundance of 
the Moose and other ungulates. Numbers of the Barren-ground Caribou Rangifer 
tarandus may show a similar relationship, being depressed by predation by the Gray 
Wolf in forested areas where the Gray Wolf is abundant (due to the presence of the 
moose as alternate prey), but being independent of predation by the Gray Wolf in 
tundra areas where numbers of the Gray Wolf are low (Bergerud 1988). However, 
Dale et al. (1994) suggested that predators, such as the Gray Wolf, can have an anti-
regulatory effect on prey populations in multiple prey ecosystems. This can result in 
high ratios between the Gray Wolf and caribou at low prey densities, and may 
preclude the effects of an increasing functional response (Dale et al. 1994). 
These studies and others (e.g., Fuller 1989) suggest that critical ratios between the Gray 
Wolf and its prey exist for the maintenance of stable ungulate populations. Thus, even 
for individual predator species, the effect of predation may vary from a controlling to 
non-controlling relationship. Favourable habitat conditions, however, seem to permit 
prey species, such as the moose and other early successional ungulates, to exceed 
numbers below which predation is a controlling factor (Cox 1997). 
From the examples provided above it is apparent that the impact of predation on prey 
populations is influenced by many physical and biotic factors of the environment, such 
as weather, fire and vegetation structure. In addition, a number of characteristics of 
predators and ecological communities affects the impact that they can have on prey 
populations. These characteristics include predator mobility (immigration I 
emigration), reproductive potential, generation time, degree of food specialisation, 
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availability of alternative prey, time-lags between population fluctuations of predators 
and their prey, and competition and predation between various predator species 
(Andersson and Erlinge 1977; Korpimaki 1985; Korpimaki and Norrdahl 1989; 
Schmitz 1995). These interacting factors may allow predation to range from being of 
minor importance to having a severe depressing influence on prey populations (Cox 
1997). 
Research on small mammal populations has shown that when predators have been 
removed, or occur in low numbers, prey populations increase (e.g., Sih et al. 1985; 
Lindstrom et al. 1994). However, a general conclusion of this research is that while 
predation does not halt prey population growth (Erlinge et al. 1990), it may maintain 
populations at low densities and thus set the periodicity of population cycles 
(Hansson 1984; Taylor 1984; Henttonen 1985; Chitty 1996). The reason that 
predators are not thought to initiate a decline in prey numbers is because their 
functional and numerical responses show satiation at high prey densities (Keith et al. 
1984). 
In ecosystems where prey species have co-evolved with predators, and where there are 
several species of prey hunted by the same predator, there may be some positive 
indirect effects from predation. Increases in the numbers of one prey species often 
decrease a predator's functional response to other prey, either due to satiation or 
switching (Oaten and Murdoch 1975). This can be a positive effect as it can allow 
numbers of other prey to increase (Abrams and Matsuda 1996) 
However, increases in the density of one prey species also may have a negative effect 
by allowing predator numbers to increase (i.e., a numerical response). Sustained high 
numbers of predators may suppress populations of other prey species (Holt 1977; 
Holt and Lawton 1994). 
The Importance Of Predators For Maintaining Ecosystems 
Any general theory of ecological communities must incorporate predation as an 
important determinant of community structure (Holt 1984). Although not a universal 
effect of predation, it is generally believed that predators enhance diversity by relaxing 
competition between different species of prey (Holt 1984). Recent studies support this 
assertion. For example, Estes et al. (1989) found that the local extinction of the Sea 
Otter Enhydra lutris had a cascading effect in kelp forest ecosystems, to the extent that 
primary production and food web structure appeared to be significantly affected in 
some coastal communities. Soule et al. (1988) provided evidence that suggested the 
elimination of large predators can result in population increases of smaller predators. 
This may, in tum, result in the local extinction of vulnerable prey species. 
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However, this increased biodiversity due to predators may only occur in areas where 
predators have co-evolved with prey. Exotic predators may deplete biological 
diversity. Kinnear (1993) described experiments where, in different systems, the 
replacement of a native predators with exotic ones resulted in loss of biological 
diversity. 
Feral Predator-Prey Relationships In Australia 
The relatively recent introduction of feral predators to Australia has meant that 
predator-prey interactions have undergone major changes (Robertshaw and Harden 
1989). These changes include, the loss/displacement of native predators and an 
increase in the vulnerability of native prey species to predators with which they have 
not co-evolved. 
The type of predator response to prey (i.e., Type-II or Type-III response) has important 
implications for native species in Australia. Predator-prey theory suggests that a 
Type-II response by feral predators can cause the extinction of endemic prey species 
(Sinclair et al. 1998). This is because a Type-II response can make the predator-prey 
system potentially unstable at low prey numbers, and the prey species could decline 
rapidly to extinction (Sinclair et al. 1998). Conversely, there is a maximum density of 
predators, or threshold, beyond which viable prey populations cannot persist (Sinclair 
et al. 1998). For Type-III functional responses, there is always one stable prey 
population regardless of the density of predators (Sinclair et al. 1998). Nevertheless, a 
Type-III response may result in a lower stable prey density, or a 'predator pit', that 
may make a prey species more prone to extinction due to stochastic events. 
Appropriate management of habitat and predator populations may reduce this 
possibility (Sinclair et al. 1998). 
There appears to be a pattern of extinction and/ or demise of native mammal 
populations associated with the introduction of the Fox in Australia Garman and 
Johnson 1977). Circumstantial evidence indicates that wherever the Fox is present, 
many mammal species have become locally extinct. Species that do survive occur in 
low numbers (Lunney and Leary 1988; Johnson et al. 1989; Lunney 1989; Kinnear 
1993) and may not be able to increase their numbers in the presence the Fox. 
There were no species of felids in Australia prior to the introduction of the Cat, and it 
is likely that its introduction represented an important ecological event (Dickman 
1995a). The correlation between the Cat and the demise of native fauna is less clear 
than that for the Fox. For example, native vertebrates appear to be able to co-exist 
with the Cat in some areas, such as Tasmania and Kangaroo Island (Kinnear 1993). 
However, there is evidence implicating the Cat in the decline and extinction of many 
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vertebrate populations, particularly island populations (Iverson 1978; Johnson et al. 
1989; Leader-Williams and Walton 1989; Deeker 1993). 
Little is known about the impact of the dog on native prey following its introduction 
several thousand years ago. 
The Cat, Fox and dog are generalist predators. Thus, their numbers may not be 
constrained by the abundance of particular prey species as they are able to switch 
prey when the abundance of one prey species declines. This can enable high numbers 
of feral predators to be sustained, and as a consequence, continuing high levels of 
predation (Kinnear 1993). On Macquarie Island, the Cat exterminated the Macquarie 
Island Parakeet Cyanoramphus novaezelandiae erythrotis, but only when 'subsidised' by 
the Rabbit (Taylor 1979). Corbett (1995b) argued that the demise of medium-sized 
mammals in central Australia was partially due to high levels of predation by the dog. 
Numbers of the dog increased in response to abundant food resources (e.g., Cow Bos 
taurus carcasses and the Rabbit). This maintained high numbers of the dog, 
particularly during drought periods. Sinclair et al. (1998) concluded that endangered 
prey species can be driven to extinction only if they are the alternate or secondary prey 
of the predators that depend on some other, more common prey (or food source). 
Predation by feral predators may increase the likelihood of extinction of prey species 
by increasing their susceptibility to chance events. For example, predation may reduce 
the ability of populations of native species to recover from drought. Predation can 
also delay the recovery of populations that occur at low densities. Newsome et al. 
(1989) demonstrated that in the presence of predators, small populations of prey 
(which were already diminished by drought) took longer to recover than similar sized 
populations in the absence of predators. Kinnear (1993) considered it possible that in 
the presence of the Fox many species of macropods could only occur at low 
population densities. Conversely, removal of the Fox will improve the status of these 
populations. Prey species may be able to co-exist with the Fox as long as their 
populations remain low and prey populations are given opportunities to recover 
(Kinnear 1993). For example, in areas in northern NSW, potoroos Potorous sp., the 
Rufous Bettong Aepyprymnus rufescens and rock wallabies Petrogale spp. appear to be 
able to survive in the presence of low numbers of the Fox (Jarman and Johnson 1977). 
The presence of several species of feral predators in an area may act synergistically to 
the detriment of native mammals. The decline of the Eastern Barred Bandicoot 
Perameles gunnii was partly attributed to predation by the Cat and Fox (Brown 1989). 
The Fox in the Hamilton region in Victoria had an immediate and dramatic effect on 
the population soon after it became established. Predation by the Cat was found to be 
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a major factor preventing the stabilisation of populations and increase in numbers of 
the Eastern Barred Bandicoot (Brown 1989). 
Evidence from remains accumulated from sub-fossil deposits, such as Barn Owl Tyto 
alba pellets, suggest that the decline in the range and abundance of some native 
rodents, such as the Big-eared Hopping Mouse Notomys macrotis, was occurring prior 
to, or at the onset of, European settlement in some parts of Australia (Dickman 1993). 
Dickman (1993) suggested that these declines may have been a result of predation by 
the Cat which was present at this time. 
2.3.2. DIET OF THE CAT 
The Cat is known to prey on 47 species of native birds, 38 species of native mammals, 
48 species of native reptiles, three species of native amphibians and numerous 
invertebrates (Paton 1993, 1994). Some of these species, such as the Freckled Duck 
Stictonetta naevosa, are listed as vulnerable in the NSW Threatened Species Conservation 
Act 1995. Others, such as the Rufous Hare-wallaby Lagorchestes hirsutus, are listed as 
endangered in the Commonwealth Environment Protection and Biodiversity Conservation 
Act 1999 (Paton 1993). The Cat also may prey upon rare and poorly known reptile 
species (Czechura and Covacevich 1985). 
The Rabbit appears to be the preferred prey of the Cat (Bayly 1978; Jones and Coman 
1981; Catling 1988; Molsher 1999). However, the Cat may consume several native 
animals per day even where the Rabbit is abundant (Paton 1993). Where the Rabbit is 
scarce, such as in native forests, species, such as the Common Ringtail Possum 
Pseudocheirus peregrinus and Bush Rat Rattus fu.scipes, are important prey (Jones and 
Coman 1981; Triggs et al. 1984). 
The Cat generally consumes prey species in relation to their availability and abundance 
(Coman and Brunner 1972; Jones 1992). Observations from Australia and overseas 
have shown that the Cat preys on species that are equal in size or smaller than 
themselves (Kleinman and Eisenberg 1973; Landre 1977; Paton 1993). Most recorded 
prey of the Cat in Australia are less than 100 g (Paton 1993). 
The Cat is also known to prey on juveniles, sub-adults and adults of larger species, 
such as rock wallabies (Spencer 1991; Sheppard 1990). The Cat has been identified as 
a significant predator of the Allied Rock-wallaby Petrogale assimilis (average body 
weight = 4.6 kg) in Queensland, where smaller prey species are less abundant (Spencer 
1991). 
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2.3.3. DIET OF THE FOX 
The Fox is generally an opportunistic predator. It eats a wide range of mammals, 
birds, insects and fruit. As for the Cat, where the Rabbit is abundant it is the 
preferred prey (Seebeck 1978; Wallis and Brunner 1986). In forests, where the Rabbit 
is less abundant, the Fox tends to prey on smaller native species, such as possums, 
smaller dasyurids and native rats (Coman 1973a) (Table 2.6). For example, Phillips 
and Catling (1991) found Rattus spp. to be the most common prey of the Fox in forest 
habitat. However, larger native species can also be a major component of the diet of 
the Fox. For example, Lunney et al. (1990) found that the Swamp Wallaby Wallabia 
bicolor was common in the diet of the Fox. Lunney et al. (1990) attributed this to the 
availability of the Swamp Wallaby as carrion, as a result of predation by the dog and 
road kills. 
Many birds which nest on, or near, the ground are vulnerable to predation by the Fox 
(Kinnear 1993). For example, Lill (1980) found that the Fox was a major predator of 
the Superb Lyrebird Menura superba. 
There is evidence that the Fox may sometimes be selective in its choice of prey. For 
example, Green and Osborne (1981) found that during the snow-free months, the Fox 
selectively preyed on the Broad-toothed Rat Mastacomys Juscus in Kosciusko National 
Park. Similarly, in Western Australia, Dickman (1988) found that the female Southern 
Brown Bandicoot Isoodon obesulus was preyed on by the Fox more frequently than 
males, despite there being twice as many males. A preliminary investigation by 
Claridge et al. (1991) on the ecology of the Southern Brown Bandicoot is consistent 
with Dickman's (1988) findings. As discussed in Section 2.3.1, selection of prey may 
be a result of several factors, including palatability of the species and the ease with 
which prey is caught. Jarman and Johnson (1977) suggested that rat-kangaroos 
(bettongs and potoroos) were vulnerable to predation by the Fox because they were 
more easily caught than other species. 
2.3.4. DIET OF THE DOG 
The dog consumes a wide variety of native species. The range of species found in 
scats and stomachs of the dog from forest environments is given in Table 2.6. In 
Nadgee Nature Reserve in south-east NSW, the dog consumed 22 mammal species, 
nine bird species, and a variety of fish, insects and plant material (Newsome et al. 
1983a). Again, some prey species of the dog are listed as vulnerable under the 
Commonwealth's Environment Protection and Biodiversity Conservation Act 1999 (e.g., 
the Brush-tailed Rock-wallaby Petrogale penicillata and Bilby Macrotis lagotis), and 
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endangered or vulnerable under the NSW Threatened Species Conservation Act 1995 (e.g., 
the Smoky Mouse Pseudomys fumeus, Koala Phascolarctos cinereus and Long-footed 
Potoroo Potorous longipes) (Davies 1979; Saxon and Noble 1993). In forest 
environments, the dog appears to prey primarily on mammals with an adult body 
weight greater than 10 kg, particularly the Swamp Wallaby, Red-necked Wallaby 
Macropus rufogriseus and Common Wombat Vombatus ursinus (Triggs et al. 1984; 
Newsome et al. 1983a; Robertshaw and Harden 1986). 
Despite finding the Swamp Wallaby to be the most common species in scats, 
Newsome et al. (1983a) considered medium-sized mammals such as the Common 
Ringtail Possum to be the 'staple' prey. This was because the Dingo could depend on 
these species over time for food. Large prey were considered to be 'supplementary' 
and small prey were considered to be 'opportune' in the diet of the dog. Other studies 
have indicated that large species, such as wallabies and kangaroos, are the 'staple' 
prey of the dog (Robertshaw and Harden 1985, 1986, 1989; Thomson 1992c). 
Although the diet of the dog varies, the majority of prey is confined to a few species 
within an area. For example, in the eucalypt forests of north-east NSW, 76% of the 
diet consisted of five prey species groups, viz:- the Swamp Wallaby, Red-necked 
Wallaby, Parma Wallaby Macropus parma, Bush Rat and Antechinus spp. (Robertshaw 
and Harden 1986). 
The dog also may be selective in its choice of prey. For example, Robertshaw and 
Harden (1986) found that the dog preyed on the Swamp Wallaby disproportionately 
to its abundance. It is has been suggested that selective predation may affect the 
distribution of macropods where their populations are low (Robertshaw and Harden 
1989). Lunney (1987) also found that the occurrence of brush tail possums and the 
Common Ringtail Possum in the diet of the dog was disproportionate to its 
abundance, suggesting that these species were being preferentially preyed upon. 
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Table 2.6 - Mammalian component of the diet of the Cat, Fox and dog in eastern 
Australian eucalypt forest ecosystems. NB: Prey may be hunted or consumed as 
carrion. 
Key: 
1 Species listed as endangered in the NSW Threatened Species Conservation Act 1995. 
2 Species listed as vulnerable in the NSW Threatened Species Conservation Act 1995. 
3 Species listed as endangered in the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999. 
Wt = weight; S =small ( <0.75 kg adult body weight); M = medium (0.75-10 kg adult body 
weight); L =large (>10 kg adult body weight) (Brown and Triggs 1990). 
PREDATOR 
PREY SPECIES Wt Dog I Fox I Cat 
MONOTREMES 
Echidna M x x 
Platypus M x x 
DAS YU RIDS 
Brown Antechinus s x x x 
Dusky Antechinus s x x x 
Swamp Antechinus s x 
White-footed Dunnart 2 s x x 
Common Dunnart s x x 
Brush-tailed Phascogale 2 s x 
Spotted-tailed Quoll 2 M X? 
BAND I COOTS 
Southern Brown Bandicoot 1 M x x 
Long-nosed Bandicoot M x x x 
POSSUMS AND GLIDERS 
Leadbeaters Possum s x 
Common Brushtail Possum M x x x 
Mountain Brushtail Possum M x 
Common Ringtail Possum M x x x 
Greater Glider M x x x 
Feathertail Glider s x x x 
Yellow-bellied Glider 2 s x x 
Sugar Glider s x x x 
Squirrel Glider M x 
Eastern Pygmy Possum s x x x 
POTO ROOS 
Long-footed Potoroo 1, 3 M x x 
Long-nosed Potoroo 2 M x x 
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Table 2.6 cont... 
Predator 
Prey Species Wt Dog I Fox I Cat 
KANGAROOS, WALLABIES AND PADEMELONS 
Red-necked Wallaby L 
Common Wallaroo L 
Parma Wallaby 2 M 
Swamp Wallaby L 
Red-necked Pademelon M 
Eastern Grey Kangaroo L 
WOMBATS AND KOALAS 
Common Wombat 
Koala 2 
Water Rat 
Broad-toothed Rat 2 
Bush Rat 
Swamp Rat 
Fawn-footed Melomys 
Smoky Mouse 1 
Greater Long-eared Bat 
Lesser Long-eared Bat 
Cow 
Goat 
Sheep 
Pig 
Rabbit 
Hare 
Black Rat 
House Mouse 
Baker and Degabrielle (1987) 
Brown and Triggs (1990) 
Brunner et al. (1975) 
Brunner et al. (1976) 
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2.3.5. THE IMPACT OF PREDATION BY THE CAT ON NATIVE PREY SPECIES 
The potential impact of the Cat on native fauna has been estimated by using the 
known energy requirements3 of an average adult Cat and estimates of the population 
size of the Cat in Australia. The non-reproducing adult Cat requires 5-8% of its body 
weight per day in food, which is equivalent to 300 g of flesh Gones 1977; Paton 1993). 
The energy requirements for the female Cat with a litter is approximately 20% of its 
body weight per day Gones 1977). Given this, an average non-reproducing Cat 
weighing 4 kg, feeding on animals weighing approximately 50 g, would need 4--U.4 
animals per day to meet its energy requirements. This is equivalent to 1460-2336 
animals per year. However, Muir (1982) reported that 500 g of food (equivalent to 
12% of the body weight of an average sized non-reproducing adult Cat) was 
commonly found in the stomachs of the animals he examined. Muir (1982) concluded 
'The effects on the native fauna of even a low Cat density with a diet such as this must 
be formidable.' (p. 8). Paton (1993) calculated that at least 3.8 billion native animals 
may be consumed annually by the Cat. These estimates may be underestimating the 
total number of animals a cat may kill per year as it does not include those that have 
been injured and die later, either directly or indirectly from inflicted wounds. These 
estimates also do not take into account whether the entire prey is consumed or just 
part of it. For example, when prey is abundant, individual prey may not always be 
entirely consumed, resulting in more animals being killed for the same amount of food 
(Boutin 1993). 
The Cat preys upon mammals which fall within the CWR and it may have contributed 
to the extinction of some of these species. For example, the Cat has been implicated in 
the regional extinction of up to ten ground-dwelling native mammal species in the 
western division of NSW prior to 1857 (Dickman et al. 1993). These mammals were 
generally in the CWR and preferred open habitat and were thus likely to have been 
vulnerable to predation by the Cat. More recent declines and extinctions of native 
mammals in this region also have been attributed in part to predation pressure from 
introduced predators, including the Cat (Dickman et al. 1993; Smith and Quin 1996). 
The decline of many species of bandicoots and the Western Quoll Dasyurus geoffroii 
also may be partially attributed to the Cat (Johnson et al. 1989). 
Predation by the Cat on juvenile and sub-adult Allied Rock-wallabies in Queensland 
appears to be resulting in low recruitment rates of adults. The impact of predation 
appears to have been exacerbated by prolonged drought conditions and as a result, the 
population of this species is declining (Spencer 1991). 
3 Energy obtained from food is required by animals for metabolism, foraging, reproduction and 
general body maintenance. 
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There is anecdotal evidence indicating that the Cat can eliminate populations at a local 
scale. For example, Paton (1993) reported that a local population of the Feathertail 
Glider Acrobates pygmaeus was found and destroyed by a single cat. Similarly, one cat 
was responsible for the extinction of the Stephen's Island Wren Xenicus lyalli, which 
was endemic to Stephens Island, New Zealand (Atkinson and Bell 1973). The Cat has 
been implicated in the extinction of a number of species on other islands. These 
include the Broad-faced Potoroo Potorous platyops, Desert Rat-kangaroo Caloprymnus 
campestris, Central Hare-wallaby Lagorchestes asomatus, Burrowing Bettong Bettongia 
Lesueur and possibly the Banded Hare-wallaby Lagostrophus fasciatus from Dirk Hartog 
Island, the Spectacled Hare-wallaby Lagorchestes conspicillatus from Hermite Island, 
and the Brush-tailed Bettong Bettongia penicillata from St. Francis Island in Western 
Australia (Burbidge 1971; Burbidge and George 1978; and Jones 1924 in Johnson et al. 
1989; Leader-Williams and Walton 1989; Deeker 1993). 
Further evidence of the impact that the Cat may have on local populations of animals 
is demonstrated by a number of unsuccessful re-introductions of native species into 
parts of their former range. For example, re-introduction programs for the Burrowing 
Bettong on mainland Australia have been unsuccessful due to predation by the Cat 
and Fox (Deeker 1993). The successful re-introduction of the Greater Stick-nest Rat 
Leporillus conditor into parts of its former range on mainland Australia is constantly 
under threat from predation by the Cat and Fox (Copley 1989). Predation by the Cat 
also has undermined attempts to re-introduce the Rufous Hare-wallaby (Kinnear 
1993). Successful re-introductions of native mammals on Cat-free islands, such as the 
Greater Stick-nest Rat on Reevesby and St Peter Islands off South Australia (Copley 
1995), and the rapidity with which some populations increase after the Cat has been 
removed (Frank 1992), highlights the possible impact of predation by the Cat on native 
mammals. 
There is also evidence that native species can survive in the presence of the Cat. For 
example, Tasmania appears to be a refuge for many CWR species, such as the Long-
nosed Potoroo Potorous tridactylus, Tasmanian Bettong Bettongia gaimardi, Tasmanian 
Pademelon Thylogale billardierii, Southern Brown Bandicoot and Eastern Barred 
Bandicoot, despite the presence of the Cat. Reasons for the persistence of these 
species in the presence of the Cat, when on mainland Australia species similar to these 
have become extinct, is unknown. It is possible that the absence of the Fox may be the 
key to the persistence of these species in Tasmania Qohnson et al. 1989). 
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2.3.6. THE IMPACT OF PREDATION BY THE FOX ON NATIVE PREY SPECIES 
Ground-dwelling native mammals have evolved in Australia with predators 
considered to be less efficient, adaptable and abundant than the Fox. These include 
the Spotted-tailed Quoll Dasyurus maculatus, Tasmanian Devil Sarcophilus harrisii, and 
Thylacine Thylacinus cynocephalus (Marlow 1958; Keast 1982). As a consequence, the 
impact of the Fox on native mammals is thought to be considerable, although it 
remains largely unmeasured. For example, in Western Australia, following colonisation 
by the Fox, the status and composition of the mammal fauna changed profoundly, 
with many CWR mammals becoming extinct (Kinnear et al. 1988). A secondary wave 
of losses of native mammals occurred following the cessation of 1080 baiting for the 
Rabbit in the late 1970s. As the Fox was no longer subject to secondary poisoning 
from 1080 its numbers increased (Christensen 1980a). The increase in Fox numbers 
and the decline in its preferred prey (i.e., the Rabbit) resulted in intensive predation on 
several native mammals (e.g., the Brush-tailed Bettong) to the extent that these species 
became threatened with extinction (King et al. 1981). 
Johnson et al. (1989) believed that the introduction of the Fox had a major role in the 
extinction of five of the six species of macropods within the CWR. Other factors, such 
as the removal of ground cover, may have exacerbated this threat (Robertshaw and 
Harden 1989). The importance of ground cover in assisting the survival of mammals in 
the presence of the Fox has been documented by Christensen (1980a). Populations of 
the Brush-tailed Bettong in Western Australia declined in the presence of the Fox in 
habitat with an open understorey, but survived in habitats with a dense understorey 
(Christensen 1980a). 
Other evidence that the Fox has facilitated the decline and extinction of CWR 
macropod species is the absence of declining and extinct macropods in areas where 
numbers of the Fox are low, or it is absent, such as in the wet-dry tropics of northern 
Australia and in Tasmania (Johnson et al. 1989). Conversely, the decline of many 
kangaroos, wallabies, bettongs and potoroos in the Bega Valley, south-east NSW, has 
been attributed to the increase in the abundance of the Fox at the turn of the century 
(Lunney 1989). The continued presence of the Long-nosed Potoroo on French Island 
has been attributed to the absence of the Fox (Lumsden et al. 1991). In addition, 
populations of the Bilby and Western Barred Bandicoot Perameles bougainville are 
largely confined to areas where the Fox is absent (Wilson 1983). 
The Fox also may limit and be potentially detrimental to populations of larger 
macropods. For example, in Namadgi National Park, Banks et al. (2000) found that 
predation by the Fox limited the annual growth rate of populations of the Eastern Grey 
Kangaroo Macropus giganteus. They concluded that predation upon the juvenile 
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Eastern Grey Kangaroo by the Fox may be an important limiting factor for the Eastern 
Grey Kangaroo population in the area. In Western Australia, research by Kinnear et al. 
(1988, 1998) indicated that the Fox can severely limit populations of the Black-footed 
Rock-wallaby Petrogale lateralis. Following Fox control, populations of the Black-
footed Rock-wallaby increased by more than 200% (Kinnear et al. 1988). Without 
sustained control of the Fox, local extinctions of populations of the Black-footed Rock-
wallaby were considered likely (Kinnear et al. 1988; Pearson 1992). 
Fox control also has assisted the recovery of populations of other native species. 
Following Fox baiting in Western Australia, numbers of the Western Ringtail Possum 
Pseudocheirus occidentalis, Common Brushtail Possum Trichosurus vulpecula, Western 
Quell, Rothschild's Rock-wallaby Petrogale rothschildi, Brush-tailed Bettong and 
Numbat Myrmecobius fasciatus increased markedly (Christensen 1980a; Morris 1993; 
Saunders et al. 1995). For example, sightings of Rothschild's Rock-wallaby increased 
almost thirty-fold following Fox baiting (Saunders et al. 1995). 
As in the case of the Cat, control of the Fox is considered to be a necessary pre-
requisite for the successful re-introduction of species into parts of their former range 
(Serena 1995 and references therein). As re-introduced animals are often captive-bred, 
they tend not to be wary of predators and thus may be more vulnerable to predation 
(McLean et al. 1995; Soderquist 1995). In addition, control of the Fox needs to be 
sustained because of the rapidity at which the Fox can re-invade areas. For example, 
Kinnear et al. (1988) found that the Fox was migrating into an area of 2 krn2 as quickly 
as animals within were being eliminated. 
The wide diet of the Fox allows its populations to reach densities disproportionate to 
the abundance of individual prey species. As the availability of smaller prey items 
tends to vary due to seasonal mortality there can be periodic intensification of 
predation pressure on longer-lived prey species in an area (Marlow 1958). 
The Fox may pose a greater threat to native mammal populations during extreme 
conditions, such as severe drought. Drought conditions may force native mammals to 
forage over larger areas. This may result in increased exposure and thus increased 
vulnerability of individuals to predation (Kinnear et al. 1988). 
Predation by the Fox also may impact on bird and reptile populations. For example, 
predation by the Fox on two Superb Lyrebird populations in Victoria resulted in low 
recruitment rates of adults into these populations. This was particularly significant as 
the Superb Lyrebird has a low reproductive rate (Lill 1980). Priddell and Wheeler 
(1994) found that the Fox was the principal cause of mortality of young captive-reared 
Malleefowl Leipoa ocellata that had been released into suitable habitat in NSW. 
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Predation by the Fox appeared to be affecting the recruitment rate of adults into the 
Malleefowl population, which poses a threat to its long-term survival. 
A study by Thompson (1983) found that 93% of the eggs of the Murray River Tortoise 
Emydura spp. were consumed by the Fox. Where the Fox was absent, nest predation 
was rare. Where predation of nests by the Fox was high, a disproportionately high 
number of adults occurred in the population. This poses a threat to the long-term 
survival of these populations (Thompson 1983). 
Predation by the Fox has been identified as a key threatening process for the 
persistence of a number of native mammal species that have been listed as endangered 
or vulnerable in the Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999 and the NSW Threatened Species Conservation Act 1995. These 
species include the Southern Brown Bandicoot, Long-footed Potoroo, Smoky Mouse, 
White-footed Dunnart Sminthopsis leucopus, Brush-tailed Phascogale Phascogale 
tapoatafa, Long-nosed Potoroo, Parma Wallaby, Rufous Bettong, Red-legged 
Pademelon Thylogale stigmatica and Brush-tailed Rock-wallaby (Smith et al. 1992; 
State Forests 1994). 
While the Fox has been linked to the decline of many native mammal species, it 
appears that some species manage to co-exist with this predator. For example, in 
Western Australia, the Brush-tailed Bettong survives in areas where the Fox is 
common, but has become locally extinct from other areas where the Fox is apparently 
less abundant (King and Smith 1985). The reasons for this pattern remain to be 
determined, but may be related to the density and cover of understorey vegetation 
(Christensen 1980a). 
2.3.7. THE IMPACT OF PREDATION BY THE DOG ON NATIVE PREY SPECIES 
The impact of the dog on native mammals is poorly understood. While native 
mammals have co-existed with the dog, or at least the Dingo, for several thousand 
years, the present pattern of distribution and abundance of the dog has probably 
changed as a result of European modification of the environment. 
The dog requires at least 1.4 kg of food per day, or approximately 7% of its body 
weight, to meet its energy requirements (Green and Catling 1977; Newsome et al. 
1983b ). The dog may hunt alone, especially when smaller prey is abundant, or in 
packs when larger prey is available (Newsome et al. 1983a; Triggs et al. 1984; Corbett 
1995b). Robertshaw and Harden (1986) reported that the dog in north-east NSW 
switched to pack hunting of large macropods when dog numbers were high. 
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Consequently, the dog may be able to exploit macropods occurring both at low and 
high population densities (Newsome et al. 1983a). 
During periods of extreme climatic events such as drought, and following fire, the dog 
may switch prey species and expand their prey base. Newsome et al. (1983a) 
documented the ability of the dog to alternate between prey species. Following severe 
wildfire, the dog switched from a diet consisting mainly of medium-sized mammals to 
a diet of large mammals. This may have suppressed populations of wallabies and 
kangaroos for two to three years following the fire, until another prey source became 
available. Jarman et al. (1987) also regarded the dog as having an important role in 
regulating wallaby numbers. Despite the low numbers of all prey species following fire 
and drought, the presence of the Swamp Wallaby in scats remained high. The dog also 
appears to limit the numbers of kangaroos and the Emu Dromaius novaehollandiae in 
semi-arid environments (Caughley et al. 1980). 
Corbett (1995b) argued that the impact of the dog (Dingo) on medium-sized mammals 
in central Australia has been particularly detrimental since the arrival of domestic 
stock and the Rabbit which consumed the perennial grasses and shrubs. Sheep Ovis 
aries and cattle provided an abundant source of food for the dog and as a result, dog 
populations increased and were sustained during drought conditions. The removal of 
vegetation may have increased the vulnerability of native mammals to predation by the 
dog. 
Robertshaw and Harden (1986) found that continual harassment of the Swamp 
Wallaby by the dog changed its breeding pattern and reduced the recruitment rates of 
adults into its populations. When the female Swamp Wallaby was pursued it ejected 
pouch young. This resulted in high mortality of juvenile animals. As a result, the age 
structure of the population became skewed towards older animals, which suggested 
that the population was declining (Robertshaw and Harden 1986). 
Predation by the dog can also suppress local populations of other mammals. For 
example, populations of the Common Wombat are declining in areas where the dog is 
abundant (Mcllroy unpub. in Smith et al. 1992). 
Although the evidence suggests that the dog can suppress populations of native 
species, the threat they pose may be less than the threat posed by the Cat and Fox. 
This inference is supported by the existence of rich macropod faunas in areas where 
the dog is abundant but the Cat and Fox are rare, such as at Wallaby Creek in northern 
NSW Garman et al. 1987). 
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2.3.8. THE ROLE OF THE RABBIT IN SUSTAINING FERAL PREDATOR POPULATIONS 
The Rabbit has been identified as the preferred prey of the Cat and Fox, and forms 
part of the diet of the dog (Bayly 1978; Seebeck 1978; Lunney et al. 1990; Jones and 
Coman 1981; Newsome et al. 1983a; Triggs et al. 1984; Wallis and Brunner 1986; 
Catling 1988). Colonisation of Australia by the Rabbit may have aided the spread of 
the Cat and Fox by providing an important source of food Gones and Coman 1982a; 
Marks and Short 1996). For example, the spread of the Fox in Australia is thought to 
have loosely followed that of the Rabbit (Marks and Short 1996). The similar 
distribution patterns of the Fox and Rabbit on the Australian mainland supports this 
theory (Figure 2.5). 
Figure 2.5 - Relative distribution of the Fox and Rabbit in Australia. (Source: 
Saunders et al. 1995) 
The Rabbit may initially alleviate predation pressure on native species by providing an 
alternative food supply. High densities of predators may be sustained where the 
Rabbit is present. However, when numbers of the Rabbit decrease, feral predators 
may switch to a diet of mainly native species (Leader-Williams and Walton 1989). 
Jarman and Johnson (1977) speculated that the reduction in numbers of bettongs and 
potoroos by the Fox was a consequence of high numbers of the Rabbit that sustained 
high numbers of the Fox. Similarly, Christensen (1980a) attributed the decline of many 
species of native mammals in south-west Western Australia to high numbers of the 
Rabbit that sustained high numbers of the Fox. The Rabbit also may sustain high 
numbers of the dog. This may result in sustained high levels of predation of kangaroos 
by the dog and may subsequently suppress kangaroo populations (Robertshaw and 
Harden 1989). 
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The Rabbit also may increase the susceptibility of animals to predation by feral 
predators by removing cover. Corbett (1995b) suggested that predation by the Dingo 
on medium-sized mammals in the arid zone would have become increasingly severe as 
numbers of the Dingo increased and as vegetation cover was removed by the Rabbit 
and domestic stock. Similarly, the removal of ground cover on Macquarie Island by the 
Rabbit resulted in the Macquarie Island Parakeet becoming more vulnerable to 
predation by the Cat (Taylor 1979). 
2.3.9. SUMMARY -THE DIET AND IMPACT OF FERAL PREDATORS ON NATIVE 
PREY SPECIES 
Feral predators prey on a wide variety of native fauna. A number of generalisations 
can be made from information collected on the diet of feral predators: 
1. The dog preys primarily on large and medium-sized mammals (e.g., wallabies and 
possums); 
2. The Fox preys primarily on medium-sized and small mammals (e.g., possums and 
rats) with a large component of scavenged material and vegetation; and 
3. The Cat preys primarily on medium-sized and small mammals and may have a 
greater proportion of reptiles and birds in its diet compared to the Fox and dog 
(Bayly 1978; Triggs et al. 1984; Catling 1988; Lumsden et al. 1991). 
Dietary information alone is not sufficient to conclude that feral predators are having 
adverse impacts on native species. In theory, the effects of predation will be less at 
higher densities of prey because predators take a decreasing proportion of the prey 
population at high prey densities (Boutl:n 1995). However, there may be significant 
impacts from predation on prey that occur at low densities, particularly if the 
predators displays a Type-II response to that species. 
Circumstantial evidence and information from re-introduction programs suggest that 
feral predators may have a profound impact on the survival of native species. The 
impact of feral predators on prey species may be influenced by factors such as the 
extent to which feral predators are opportunistic or selective in their choice of prey, the 
presence of the Rabbit and climatic conditions. For example, droughts appear to 
influence the degree to which the dog is selective or opportunistic in its choice of prey. 
The Rabbit may sustain high numbers of feral predators to the detriment of native 
fauna. In addition, the Rabbit may increase the vulnerability of native fauna to 
predation by removing ground vegetation. 
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2.4. INTERSPECIFIC INTERACTIONS BETWEEN FERAL PREDATORS 
AND THE POSSIBLE CONSEQUENCES FOR NATIVE FAUNA 
Two forms of interspecific interactions have been observed between sympatric 
carnivore species: exploitation competition and interference competition. Exploitation 
competition occurs when one species is better adapted to exploiting available prey 
types and thus competitively excludes less efficient competitors from an area. Where 
food resources are relatively scarce, and where there is greatest overlap of resources 
between two predator species, interference competition may occur (Case and Gilpin 
1974; Polis et al. 1989). Interference competition between carnivores is based on 
aggression and interspecific killing which costs individuals time and energy that could 
otherwise be devoted to obtaining resources (Case and Gilpin 1974; Polis et al. 1989). 
Therefore, interference competition is considered to be optimal when the costs are low 
and benefits are high (Case and Gilpin 1974). Carnivores may avoid or exclude others 
depending on whether they are dominant or sub-dominant species (Voigt and Earle 
1983). Dominant species may suppress and limit the distribution and abundance of 
populations of sub-dominant carnivores (Soule et al. 1988). 
2.4.1. INTERSPECIFIC INTERACTIONS BETWEEN CARNIVORES -OVERSEAS 
EXAMPLES 
Several studies have suggested that the distribution and abundance of smaller 
carnivores is limited by competition with larger carnivores. For example, Johnson and 
Sargeant (1977) suggested that the larger Gray Wolf formerly excluded or suppressed 
populations of the Coyote in the North American prairies. The Fox has been shown to 
avoid areas where the Coyote occurs, as encounters with them may result in injury or 
death (Voigt and Earle 1983; Major and Sherburne 1987; Sargeant et al. 1987; Thurber 
et al. 1992). Palomares et al. (1996) found that smaller carnivores, such as the 
Mongoose Herpestes ichneumon and Genet Genetta genetta, avoided areas occupied by 
the larger Iberian Lynx Lynx pardina. Palomares et al. (1996) interpreted the results as 
a behavioural response of smaller carnivores to avoid the risk of predation by larger 
carnivores (intra-guild predation). 
As a result, spatial segregation of predator populations may occur (Thurber et al. 
1992). This may be more pronounced among predator species with overlapping 
resource requirements and in areas where the diversity and abundance of prey species 
is low (Thurber et al. 1992). In California, White et al. (1994) found that the home-
ranges of the Coyote overlapped those of the San Joaquin Fox Vulpes macrotis mutica by 
more than 30%, and that the San Joaquin Fox did not avoid the Coyote. Both species 
used the overlap areas more than expected (P < 0.001). White et al. (1994) theorised 
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that co-existence between these predators was facilitated by relatively high numbers of 
prey. In addition, the San Joaquin Fox preys upon certain species better than the 
Coyote (exploitation competition) and maintains numerous dens throughout its home-
range which facilitates its escape from the Coyote. Conversely, Theberge and Wedeles 
(1989a) found that the Coyote excluded the Fox in areas where the principle prey, the 
Snowshoe Hare, was most abundant. Theberge and Wedeles (1989a) suggested that 
successful competition for the Snowshoe Hare by the Coyote, particularly when the 
Snowshoe Hare was less abundant, forced the Fox to switch prey species. 
Voigt and Earle (1983) concluded that the Fox in North America avoids areas 
populated by the Coyote as they both occupy similar habitats and eat similar prey. 
Voigt and Earle (1983) found that the Coyote killed trapped foxes and frequently 
harassed them. Nevertheless, the Fox can persist in areas where the Coyote is present. 
This is because, (i) the Fox has a higher level of fecundity than the Coyote, which may 
enable its populations to increase faster; (ii) it is smaller than the Coyote and therefore 
requires less food; (iii) it has smaller territories than the Coyote; and (iv) the niche 
breadth of the Fox may be greater than that of the Coyote (Voigt and Earle 1983). 
Harris (1981) found that the dog limited the distribution and abundance of the Fox in 
an urban environment in England. The dog was found to prey on the juvenile Fox and 
occasionally kill the adult Fox. 
In the absence of large dominant carnivores, populations of smaller omnivores and 
carnivores may increase, sometimes becoming four to ten times more abundant than 
where they co-occur with dominant carnivores (Eisenberg et al. 1979; Glanz 1982; 
Emmons 1984). For example, where the Gray Wolf has been persecuted by humans, 
population densities of the Coyote are high (Thurber et al. 1992). Soule et al. (1988) 
presented evidence suggesting that the Coyote aided the survival of native avifauna, as 
it controlled populations of smaller predators such as the Grey Fox Urocyon 
cinereoarginteus and domestic Cat, which preyed on birds more frequently. Soule et al. 
(1988) referred to this phenomenon as 'mesopredator release'. 
There is also evidence which suggests that the dominance of larger predators can be 
reversed when the size of their populations is depleted and they can no longer limit 
populations of smaller carnivores. In addition, if populations of small carnivores 
increase above a certain threshold they may hinder the re-establishment of the 
otherwise dominant carnivores. For example, Rau et al. (1985) demonstrated that a 
substantial drop in numbers of the Iberian Lynx resulted in an increase in numbers of 
the Fox. High numbers of the Fox then inhibited the re-establishment of the Iberian 
Lynx in the area. 
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2.4.2. INTERSPECIFIC INTERACTIONS BETWEEN FERAL PREDATORS IN AUSTRALIA 
There is circumstantial evidence that antagonism (harassment and predation) exists 
between the Cat, Fox and dog in Australia. For example, the remains of the Cat and 
Fox have been found in dog scats (Triggs et al. 1984; Lunney et al. 1990). This may 
result in the suppression, or exclusion of the Cat and Fox from areas where the dog is 
present. However, there is also evidence suggesting that these predator species can co-
exist in relatively high numbers (Catling and Burt 1995a). 
Evidence Suggesting That Larger Feral Predators Suppress Populations Of Smaller Feral 
Predators In Australia 
It has been suggested that predation and harassment by the dog on the Fox may 
account for the scarcity of the Fox in some areas (P. Aitken in Thompson 1983). 
Similarly, predation and interspecific competition by the dog and Fox on the Cat may 
suppress populations of the Cat (Christensen 1980a; Pettigrew 1993). Wilson et al. 
(1992) provided anecdotal evidence suggesting that the dog harasses the Fox and 
competes with it for food. 
In some areas of eastern and western Australia, high numbers of dog appear to 
suppress populations of the Cat and Fox (Wilson et al. 1992). For example, at 
Wallaby Creek in north-east NSW, Jarman et al. (1987) found that where the dog was 
common, the Cat and Fox were rare. Similarly, Johnson et al. (1989) found an inverse 
relationship between the abundance of the Fox and dog. Another study in the forests 
of north-east NSW also found that the Fox was less abundant in areas where the dog 
was present (David Moore, University of New England NSW, pers. comm.). In north-
east NSW, south-east Queensland and the Pilbara region of Western Australia, the Fox 
only occurs where the dog is controlled (Wilson et al. 1992). The abundance of the Fox 
is also greater inside the Dingo Fence where the dog is absent (Wilson et al. 1992). 
The Cat appears to increase in numbers when the Fox and dog are removed. For 
example, where Fox control programs have been undertaken, populations of the Cat 
have increased (Deeker 1993; Christensen and Burrows 1995; Short et al. 1995). 
Pettigrew (1993) provided anecdotal evidence that suggested that a reduction in the 
size of the dog population in the Diamantina region of western Queensland was the 
principal cause of the observed increase in numbers of the Cat. Molsher (1999) 
provided evidence that the Fox limits populations of the Cat through interference 
competition. She found that following control of the Fox, the Cat expanded its diet to 
include carcasses (which were previously dominated by the Fox) and used open 
habitats more often at night. 
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It is also possible that following severe wildfire or drought (when prey resources are 
dispersed and clumped) competition between feral predators increases (Corbett 
1995b). The dog may fare better in these conditions than the Cat and Fox because of 
its ability to change its hunting strategy; the dog may hunt alone, in pairs, or co-
operatively to increase its foraging efficiency (Corbett 1995b). For example, a drought 
in central Australia resulted in prey becoming scarce. In response, the Dingo changed 
its diet from the Rabbit and small rodents to the Red Kangaroo and cattle carcasses. 
Groups of the Dingo were also able to defend carcasses and water more successfully 
than less cohesive packs. The Cat and Fox disappeared about midway through the 
drought. It was thought that the Dingo contributed to the demise of the Cat and Fox 
because of its monopoly of carcasses during the drought. During this time, the Fox 
avoided the Dingo and there was an increase of the Cat in its diet (Corbett 1995b). 
Evidence Suggesting That Larger Feral Predators May Not Suppress Populations Of Smaller 
Feral Predators In Australia 
Not all evidence supports the conclusion that larger predators suppress smaller 
predators in Australia . For example, following the removal of the Fox in Dryandra 
State Forest in south-western Western Australia, numbers of the Cat did not increase. 
This observation was based on the level of predation by the Cat on the Numbat (Tony 
Friend, Threatened Species Unit CALM WA, pers. comm.). However, naturally 
occurring high levels of fluoroacetate in prey animals may have poisoned the Cat in the 
area and thus limited its numbers. Native species are naturally resistant to this toxin 
as they have co-evolved with plant species in the genus Gastrolobium which naturally 
contain it (King et al. 1978; Jeff Short, CSIRO Wildlife and Ecology WA, pers. comm.). 
It is possible that predator populations in these areas are sustained by immigration 
rather than self-replacing populations. 
Several authors have found that all three feral predator species can co-exist, 
apparently in high numbers, particularly in south-east Australia. For example, the 
Cat, Fox and dog co-exist in the south-east region of NSW, and in East Gippsland, 
Victoria (Newsome et al. 1975; Newsome and Catling 1979; Triggs et al. 1984; Catling 
and Burt 1995a). Nevertheless, remains of the Cat have been found in the scats of the 
Fox and dog, and the remains of the Fox have been found in the scats of the dog in 
these regions (Triggs et al. 1984). 
Catling (1988) found that the Cat and Fox could co-exist in a semi-arid region by 
preying on difference size classes of their primary prey- the Rabbit. Lunney et al. 
(1996) also found that the Fox and dog could co-exist and although their diets 
overlapped, the relative proportions of prey species in their diets differed. 
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2.4.3. COMPETITION BETWEEN FERAL AND NATIVE PREDATORS 
There is limited published information on competitive interactions between feral and 
native predators in Australia. It is suspected, however, that feral predators may 
compete with native predators for food and other resources, such as shelter and 
nesting sites. For example, the Cat uses the same nesting sites and daytime refuges as 
quolls Oones and Coman 1981; Edgar 1988) and has a similar diet to the Spotted-
tailed Quoll (Belcher 1995). The decline of the Spotted-tailed Quoll and Eastern Quoll 
Dasyurus viverrinus on the mainland followed the release of the Cat for Rabbit control. 
Competition between the Spotted-tailed Quoll and feral predators may be contributing 
to the current vulnerable status of this species in endangered species legislation 
(Cunningham 1990; Smith et al. 1992; Edgar and Belcher 1995). It is also possible that 
introduced diseases, particularly toxoplasmosis, have impacted on quoll populations 
on the mainland (Cross 1990). This is discussed further in Section 2.5. 
There is evidence that competition and predation by the Fox on the Western Quall has 
been a primary factor resulting in the decline of this species (Christensen 1980a; Morris 
1993). Fox control in some of these areas has resulted in Western Quoll populations 
increasing three-fold (Morris 1993). This response, and the similar diet of these 
species, suggests that the Fox may compete with the Western Quoll for food and 
probably den/refuge sites. Although not statistically significant, Catling and Burt 
(1995a) found that the highest numbers of the Spotted-tailed Quoll occurred where the 
Fox was absent. This may have reflected reduced pressure from competition (and 
perhaps predation) with the Fox in these forests, thus allowing higher numbers of the 
Spotted-tailed Quoll to exist. The Cat and Fox also may compete with other native 
predators and prey on their young, such as the Mulgara Dasycercus cristicauda in central 
Australia (Kinnear 1993). 
The relationship between the dog and quolls is less clear. In some areas, such as north-
east NSW, the Spotted-tailed Quoll co-exists in relatively high numbers with the dog 
(Smith et al. 1992; Catling and Burt 1995a). Reasons suggested for this include the 
ability of the dog to limit Fox populations. This may benefit the Spotted-tailed Quoll 
by reducing competition with the Fox for resources (Smith et al. 1992). 
However, the dog (Dingo) may have had profound effects on native carnivores in the 
past. It has been suggested that the Dingo competed with the Thylacine and indirectly 
with the Tasmanian Devil to the extent that these species became extinct on the 
mainland, but survived in Tasmania where the Dingo is absent (Davies 1979; Thomson 
et al. 1987; Robertshaw and Harden 1989; Corbett 1995b). 
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Competition for food between feral predators and native birds of prey also may occur 
and potentially limit their populations (Hunter 1990; George 1974). Based on the diet 
of birds of prey, Dickman (1995a) suggested that in Australia the Cat could reduce the 
number of prey available to nocturnal species, such as the Barn Owl, Powerful Owl 
Ninox strenua, Masked Owl Tyto novaehollandiae, Sooty Owl T. tenebricosa and Letter-
winged Kite Elanus scriptus, and diurnal species such as the Brown Goshawk Accipiter 
fasciatus and Peregrine Falcon Falco peregrinus and other native bird species that take 
similar prey to the Cat. 
It is also possible that the Fox and dog compete with scavengers such as goannas 
Varanus spp. and the Wedge-tailed Eagle Aquila audax. 
2.4.4. POSSIBLE CONSEQUENCES OF INTERSPECIFIC COMPETITION BETWEEN 
FERAL PREDATORS FOR NATIVE FAUNA 
If the dog excludes the Fox, at least to some extent, then this may have some positive 
effects for native fauna, particularly those threatened by predation, or competition, by 
the Fox. Evidence for this is found in north-east NSW where high numbers of the dog, 
Spotted-tailed Quoll and a range of CWR species co-exist (Smith et al. 1992). These 
observations suggest that the dog is not having a detrimental impact on CWR species 
or the Spotted-tailed Quoll in this region. Furthermore, the dog may be benefiting 
native fauna in this region by limiting numbers of the Fox. However, in other regions, 
such as the south-east forests of NSW where all three feral predator species may co-
exist, native fauna may be under greater pressure from predation and competition 
from these species. 
Information on interspecific interactions between feral predators is important for the 
conservation of native mammal species. For example, it is possible that any 
management practice that facilitates greater abundances of the Fox relative to the dog 
may be detrimental to endangered CWR mammals (Smith et al. 1992). 
2.4.5. SUMMARY -INTERSPECIFIC INTERACTIONS BETWEEN SYMPATRIC 
CARNIVORES 
Interference competition has been shown to occur in sympatric carnivore species. 
Research conducted overseas indicates that larger carnivores may control, or limit, 
populations of smaller carnivores. However, this relationship may be reversed if the 
population of the usually dominant carnivore falls below a certain threshold. In 
Australia, these relationships are less clear. Circumstantial evidence suggests that in 
some areas, the dog limits populations of the Fox and Cat. However, there is also 
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evidence that suggests that the Cat, Fox and dog can co-exist in relatively high 
numbers. Until empirical studies are undertaken to examine interspecific interactions 
between feral predators in Australia and the consequences for native fauna, their 
relationships will remain largely speculative. 
It is likely that feral predators, particularly the Cat and Fox, compete with native 
predators for food and other resources. The impact of competition with introduced 
predators on native predator populations is largely unknown. However, there is 
evidence that suggests competition with the Cat and Fox may reduce populations of 
quolls. 
2.5. TRANSMISSION OF DISEASE 
In addition to predation and competition, feral predators may affect native mammals 
by transmitting exotic diseases and parasites. These include Toxoplasma gondii, 
Spirometra erinacei, sarcoptic mange Sarcoptes scabie var canis and the hydatid tapeworm 
Echinococcus granulosis. These parasites can have debilitating effects on some native 
fauna. However, the extent to which these parasites are found and their impact on 
native fauna populations are unknown. The Fox may play a role in maintaining 
reservoirs of other diseases, such as distemper, parvovirus, canine hepatitis and 
heartworm, that also affect wildlife (Mansergh and Marks 1993). Very little is known 
about the role of feral predators in the transmission of wildlife diseases, or about the 
impact these diseases have on native wildlife populations. Available information on 
the possible relationship between feral predators and the transmission of exotic 
diseases and the subsequent possible impacts on wildlife is presented below. 
2.5.1. TOXOPLASMA GONDII 
The Cat is the definitive host and the main reservoir of infection for Toxoplasma gondii. 
T. gondii causes acute and sub-acute disease and pathogenic congenital infections in a 
range of secondary hosts (Callow 1984; Dubey 1986; Cross 1990) which includes 
native mammals, birds, humans and livestock (Dubey 1986). 
Native Fauna Susceptible To Toxoplasma gondii 
Native mammals affected by toxoplasmosis include macropods, Koalas, wombats, 
possums, the Numbat, dasyurids, the Bilby, bandicoots and rodents (Moodie 1995). 
Marsupials have been shown to be particularly susceptible to T. gondii (Dubey 1986). 
Kerr (1981) reported high numbers of blind Red-necked Wallabies resulting from T. 
gondii infection; Munday (1978) found that Koalas infected with T. gondii displayed 
acute respiratory distress and death within 24 hours of contracting the parasite. Small 
Chapter 2: 55 
dasyurids display symptoms such as clouding of the cornea, difficulty in locomotion 
and partial posterior paralysis (Harrigan 1978). Other species susceptible to T. gondii 
include the Tasmanian Pademelon, Quokka Setonix brachyurus, brush tail possums, 
Brush-tailed Phascogale, Dusky Antechinus Antechinus swainsonii, Swamp Antechinus 
A. minimus, Southern Brown Bandicoot and Long-nosed Bandicoot Perameles nasuta 
(Munday 1978; Kerr 1981). There is less documentation of T. gondii infection in birds, 
however the Little Raven Corvus mellori is commonly infected (Moodie 1995). 
The Extent And Impact Of Toxoplasma gondii In Native Fauna 
If the Cat was present in Australia before European settlement (Marshall 1966; 
Newsome 1991; Kinnear 1993), then there has been time for sylvatic cycles of Cat-
related diseases, such as T. gondii to become established. These cycles may be far 
more ubiquitous, entrenched and have greater impact on wildlife than is currently 
realised (Cross 1990). 
There has been a nwnber of studies investigating the incidence of T. gondii in Cat 
populations. Hartley and Munday (1974) found that of 51 cats in Tasmania, 96% had 
been exposed to T. gondii. In the drier regions of Victoria, Coman et al. (1981a) found 
that of the 75 cats sampled, 20% had positive T. gondii antibodies. Cats infected with 
T. gondii probably remain infected for life (Dubey 1986). 
The presence of T. gondii in Cat populations is not necessarily indicative of the 
incidence of the parasite in wildlife populations. For example, in Western Australia, 
the Rabbit, bandicoots, rats and mice all tested serologically negative to T. gondii, 
despite the presence of T. gondii in the Cat population. However, the Tammar 
Wallaby Macropus eugenii tested positive Gakob 1979 cited in Callow 1984). The 
reasons for this are unclear, but may be a result of the small sample sizes in that study 
or geographic variation in the sylvatic cycle. 
In Queensland, Western Australia and Tasmania, high rates of infection by T. gondii 
have been found in the Water Rat Hydromys chrysogaster (90%), Long-nosed Bandicoot 
(40%), pademelons Thylogale spp. (49%), Quokka (36%) and Little Raven (20%) 
(Munday 1970 cited in Hartley and Munday 1974). Lower rates of infection have been 
found in the Red-necked Wallaby (2%), and native and introduced rats (0-9%) 
(Hartley and Munday 1974; Callow 1984), while the Red Kangaroo and Eastern Grey 
Kangaroo did not show any sign of infection (Munday 1970 cited in Hartley and 
Munday 1974). 
Lenghaus et al. (1990) found that of 52 Eastern Barred Bandicoots from the Hamilton 
region in Victoria, 10% were infected with T. gondii. They hypothesised that T. gondii 
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' ... is capable of exerting a considerable effect on small populations of Perameles gunni 
[Eastern Barred Bandicoot].' (p. 105). They also noted that populations infected with 
T. gondii existed in areas considered to be marginal habitat. Lenghaus et al. (1990) 
suggested that ' ... habitat contraction and alteration coupled with unfavourable climate 
and food availability may be sufficient to allow toxoplasmosis to occur.' (p. 105). 
One of the reasons postulated for the decline of the Spotted-tailed Quoll and 
extinction of the Eastern Quoll from mainland Australia is that they suffered from a 
disease epidemic, probably toxoplasmosis (Shepherd and Mahood 1978 in Lunney 
and Leary 1988). It is possible that this disease also afflicted the Eastern Quoll in 
Tasmania (Guiler 1961), however these populations subsequently recovered. This 
scenario is plausible as quells prey on the Rabbit, which is an important intermediary 
host for T. gondii. 
2.5.2. SPIROMETRA ERINACEI 
The dog, Fox and especially the Cat, are a host to the pseudophyllidean tapeworm 
Spirometra erinacei (Coman 1973b, 1978; Gregory and Munday 1976; Ryan 1976b; 
Coman et al. 1981b). 5. erinacei was thought to have been introduced into Australia at 
the time of European settlement (Whittington 1992). The impact of S. erinacei on native 
fauna populations is not known. Dickman (1995a) argued that ' ... given the high 
prevalence of infection by this parasite in cats, it may be inferred that rates of infection 
are high also in small native species that act as intermediate hosts' (p. 34). This issue 
warrants further study. 
Prevalence rates of 33-76% for S. erinacei have been reported in the Cat from different 
areas of NSW (Ryan 1976a). Native fauna, including dasyurids, monotremes, some 
native rodents, snakes and frogs, can be intermediate hosts for 5. erinacei. Although 
the parasite may not produce any apparent clinical symptoms in native fauna, they 
can cause muscular haemorrhage, lung damage and death (Munday 1988; Whittington 
1992). S. erinacei can cause significant morbidity and mortality in the Short-beaked 
Echidna Tachyglossus aculeatus, which acquires the parasite from drinking 
contaminated water (Whittington 1992). However, some species, such as the Water 
Rat, do not appear to be affected by S. erinacei even though they may be infected 
(Whittington 1992). 
2.5.3. OTHER DISEASES - MANGE AND HYDATIDS 
The Cat, Fox and dog are vectors of sarcoptic mange (Kelly 1977; Breckwoldt 1983). 
Mange can severely debilitate wombats, which are particularly susceptible to the 
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disease. It often occurs in stressed wombats and those with a compromised immune 
system (Reddacliff and Spielman 1990). Mange has the potential to significantly 
impact upon some wombat populations. For example, the Northern Hairy-nosed 
Wombat Lasiorhinus krefftii, which is recognised as being endangered nationally 
(Environment Protection and Biodiversity Conservation Act 1999), could face extinction if 
mange was introduced into the population (Cross 1990). 
Canids also harbour the hydatid tapeworm Echinococcus granulosis. This parasite is 
particularly common in the dog, and 80-90% of individuals within some populations 
are infected (Stevens 1981). E. ;?ranulosis is less common in the Fox (Saunders et al. 
1995). Wallabies appear to be an intermediate host for hydatids. Stevens (1981) 
suggested that the intermediate stage of the parasite (the hydatid cyst) also may kill 
some native animals. 
The prevalence of mange and hydatids, and the impact of these diseases on native 
forest fauna populations, is not known. 
2.5.4. SUMMARY - FERAL PREDATORS AS VECTORS OF DISEASE AND THE 
IMPLICATIONS FOR NATIVE FAUNA 
Feral predators may be important vectors of diseases (Toxoplasma gondii, Spirometra 
erinacei, mange, hydatids) that can debilitate native wildlife. The extent to which these 
diseases impact on wildlife populations is unknown. 
2.6. FOREST MANAGEMENT IN THE EDEN MANAGEMENT AREA -
THE POTENTIAL RESPONSE OF FERAL PREDATORS AND IMPLICATIONS 
FOR PREY SPECIES 
The eucalypt forests of the Eden Management Area (EMA) are managed for sawlog 
and pulpwood production, conservation and recreation (State Forest of NSW 1994). 
Management activities, such as timber harvesting, fire management and road 
construction, have changed the forest landscape from relatively large contiguous 
stands of forest subject to periodic intensive wildfire into a fragmented4 landscape 
consisting of a patchwork of forest of different ages. 
Management for the conservation of native wildlife also occurs alongside management 
for timber resources, and includes control of feral predators. Forestry operations may 
4 Fragmentation is defined here as 'the loss of continuity of previously contiguous habitat due 
to human modification of the landscape'. Fragmentation occurs when habitat is cleared or 
modified to the extent that the remaining original habitat exists in patches isolated from 
each other by a matrix different from the original one. 
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favour feral predators in a number of ways, potentially at the expense of wildlife. 
However, the evidence is inconclusive. To manage feral predator populations 
effectively within this landscape it is important that the effects of the management 
activities of feral predator populations and the implications for native species is 
ascertained. 
A description of forestry operations in the EMA is given below. This is followed by 
discussion of the potential impact they may have on feral predator populations and 
the consequences for wildlife. 
Timber Harvesting In The Eden Management Area 
The timber resources of the EMA have been used since the mid-1800s (Bridges and 
Dobbyns 1991). From the mid-1800s until 1969 timber harvesting was selective. After 
this time integrated harvesting (i.e., harvesting for sawlogs and woodchips) 
commenced (Bridges and Dobbyns 1991). Forests in the EMA are divided into 
compartments that are approximately 200 ha in size. Compartments are divided into 
coupes that average 60 ha. Coupes are harvested in an alternate (checkerboard) 
pattern (Bridges and Dobbyns 1991). Logging is intensive and generally all non-
reserved trees;::: 20 cm diameter at breast height are removed (Recher et al. 1987). 
Some trees are retained in coupes for seed production, future sawlog production and 
habitat for wildlife (Bridges 1983). In addition, a proportion of mature forest is 
retained or logged less intensively along creeks and gullies (Bridges and Dobbyns 
1991). These areas are retained for a range of reasons, including unsuitability for 
logging (e.g., low timber volumes, steep slopes), protection of water quality (erosion 
control), aesthetics and wildlife habitat (Recher et al. 1987). Mature forest patches are 
connected throughout the landscape by a network of relatively narrow (~ 100 m) 
corridors along creeks and gullies (Recher et al. 1987; Bridges and Dobbyns 1991). 
Fire Management In The Eden Management Area 
In forests managed for timber production fire management is undertaken to: 
1. Minimise the possibility of wildfire; 
2. Mitigate the potential impact of wildfire by reducing fire intensity; 
3. Prevent escape of fire to adjoining lands; and 
4. Limit timber production losses resulting from wildfire (State Forests of NSW 1994; 
Williams and Gill 1995). 
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Fire management techniques include fuel reduction burning and broad acre burning. 
Fuel reduction burning is undertaken during the cooler months using low to moderate 
intensity fire. Broad acre burning involves frequent burning (i.e., 4-7 year intervals) of 
large intact blocks of unlogged, old-growth forest (Bridges and Dobbyns 1991). 
Roads In The Eden Management Area 
To facilitate timber extraction in the EMA, a 2675 km road network has been 
established. In addition, there are 907 km of trails, 215 km of primary roads, 640 km 
of secondary roads and 1820 km of feeder roads (State Forests of NSW 1994). This 
equates to approximately 1 km of road per 125 ha of forest and is likely to increase in 
the future (Bridges and Dobbyns 1991). For example, in the Proposed Forestry 
Operations Environmental Impact Statement for the EMA (State Forests 1994), a further 
138 km of roads and 1600 km of associated snig tracks were proposed to access 
timbers . 
Roads and logging coupes increase forest fragmentation by dissecting large patches of 
forest into smaller patches, converting what was once interior forest into edge6 habitat. 
Roads may contribute substantially more to fragmentation than logging. For example, 
a study in the USA found that edge habitat created by roads was 1.54-1.98 times 
larger than the edge habitat created by clearcuts (Reed et al. 1996). 
2.6.1. THE POTENTIAL IMPACT OF TIMBER HARVESTING ON FERAL PREDATORS 
AND THE CONSEQUENCES FOR NATIVE MAMMAL POPULATIONS 
There are no published studies that have specifically investigated the response of feral 
predators to timber harvesting and the potential consequences for native fauna. 
However, several studies conducted in Australia and overseas have demonstrated the 
importance of habitat complexity and dense understorey vegetation for many medium-
sized and small ground-dwelling mammals and ground, and near ground-nesting birds 
(Fox and Fox 1981; Catting et al. 1982; Redmond et al. 1982; Sugden and Beyersbergen 
1986; Yahner and Cypher 1987; Lunney and O'Connell 1988; Catling 1991; 
Lindenmayer et al. 1994a; Catling and Burt 1995b). 
Results of a study conducted in the USA suggested that in the absence of a uniform 
layer of shrubby ground-vegetation, mammalian predators have greater mobility and 
improved visibility (Redmond et al. 1982). This may allow predators to hunt small 
5 As harvesting proceeds, snig tracks and most minor access roads are allowed to revegetate 
(State Forests of NSW 1994). 
6 Edges are defined as 'the perimeter to interior ratio where two contrasting habitats 
converge without natural gradation' (Andrews 1990). 
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and medium-sized ground-dwelling mammals more effectively (Redmond et al. 1982). 
Several other studies have indicated that birds' nests, particularly those located near 
the ground, may be less conspicuous to predators when located in areas with complex 
vegetation structure (Bowman and Harris 1980; Yahner and Wright 1985). 
In addition, regenerating forest may support higher numbers of small ground-dwelling 
mammals compared with undisturbed forest (Recher et al. 1980). Small mammals, 
including species that are prey of the Fox and dog, may be more numerous in 2-3 year 
old forest regenerating from disturbances, such as logging and fire (Recher et al. 1980). 
Recher et al. (1980) attributed this response to the relatively dense regenerating 
understorey in these areas. Similarly, Lunney et al. (1987) found that ground cover 
was important to the recovery of populations of small ground-dwelling mammals, such 
as the Dusky Antechinus, following disturbance, such as logging. Greater abundances 
of these species, which have been identified as prey for feral predators (see Section 
2.3), may help maintain greater abundances of feral predators. 
However, not all small ground-dwelling mammals have been found to be more 
numerous in regenerating forest. Lunney et al. (1987) found that populations of the 
Bush Rat had not always recovered in 10-15 year old regenerating forest. This species 
used logged forest less intensively than unlogged areas (Lunney et al. 1987). 
Medium-sized arboreal marsupials, such as the Common Ringtail Possum and 
brushtail possums, also occur in regrowth forests (Davey 1984; Pahl 1984; Kutt 1995). 
The Rabbit can also be common in cleared areas and around young regrowth stands 
(Macfarlane 1988). All of these species are prey of the Fox and dog in forest 
environments (see Section 2.3). 
There is evidence that feral predators use recently logged forest habitat and the edges 
of adjacent unlogged stands. Claridge et al. (1991) suspected that the Fox and dog 
moved into logged and adjacent unlogged forest habitat and preyed on bandicoot 
populations. Claridge et al. (1991) suggested that the loss of understorey vegetation, 
which bandicoots used for food and shelter, may have increased their susceptibility to 
predation. 
2.6.2. THE POTENTIAL IMPACT OF FIRE REGIMES ON FERAL PREDATORS AND THE 
CONSEQUENCES FOR NATIVE MAMMAL POPULATIONS 
Fire regimes may affect wildlife in a number of ways (Catling 1991). Some animals 
perish during severe wildfires and populations continue to diminish immediately 
afterward due to loss of habitat and to predation (Newsome et al. 1983a; Williams 
and Gill 1995). The major effect of fire on wildlife is through changes to their habitat 
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and the availability of resources, such as food, shelter and breeding sites (Williams 
and Gill 1995). Different fire regimes also may favour some species. For example, 
frequent (i.e., at intervals less than five years), low-intensity burning during autumn 
may reduce habitat complexity and favour introduced species. This may result in 
reductions in the abundance and diversity of small ground-dwelling mammals (Catling 
1991). In south-east NSW, 12 introduced species are thought to be advantaged by 
such fire regimes, including the Rabbit, Cat, Fox and dog (Catling 1991). 
High intensity, infrequent spring burns, which resemble the historical fire regime for the 
south-east forests of NSW, are not considered to be detrimental to native species in 
the long term (Luke and McArthur 1978; Walker 1979 in Catling 1991). This is 
because these fire regimes encourage shrub regeneration and increase forest structure 
complexity. Only one introduced species, the Sambar Deer Cervus unicolor, is favoured 
by this regime (Catling 1991). 
Fire removes vegetation cover and this may increase the vulnerability of prey species to 
predation (Leopold 1933 and Holling 1965 cited in Bowman and Harris 1980; 
Newsome et al. l983a; Yahner and Wright 1985). Increased risks of predation 
associated with reduced cover is particularly significant for rare fauna. For example, 
in the south-east forests of NSW, predation of the Long-nosed Potoroo was high for 
two years following wildfire (Newsome et al. 1983a). Recher and Christensen (1981) 
found that predation on the Brush-tailed Bettong and Western Quoll by the Fox 
increased following fire. At Nadgee Nature Reserve in south-east NSW, Newsome et 
al. (1983a) found that numbers of macropods fell immediately following fire. This was 
attributed to increased predation by the dog. As the habitat regenerated their 
populations began to recover. Similarly, Christensen (1980b) found that although 
small macropods could survive fire they immediately became vulnerable to predation 
from the Fox. 
The recovery of some small mammal populations is faster in areas where some habitat 
has been left intact (Tolhurst 1996). This highlights the importance of both the large 
and small-scale burning mosaic as limiting factors for the short-term survival and 
subsequent recovery of some species (Tolhurst 1996). Lunney and O'Connell (1988) 
also stressed that cover in logged, burnt forest is crucial in providing concealment and 
refuge for large herbivores from canid predators. 
2.6.3. THE RELATIONSHIP BETWEEN ROADS AND FERAL PREDATORS AND THE 
POTENTIAL IMP ACT ON NATIVE MAMMAL POPULATIONS 
Road construction has a number of potential consequences for wildlife, including 
habitat loss, intrusion of edge effects, barrier effects, increased mortality from 
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collisions with vehicles and an increase in the carrying capacity of the edge 
environment (Oxley et al. 1973; Vestjens 1973; Barnett et al. 1978; Mcllroy 1978; Noss 
1987; Simberloff and Cox 1987; Bennett 1991; Burnett 1992). Roads also may 
facilitate the ingress of feral predators into areas that otherwise may have been 
inaccessible to them (Smith 1989; Andrews 1990; Gihnore 1990; Fanning and Mills 
1990, Copson 1991; Resource Assessment Commission 1992). 
The role of roads in facilitating the ingress of feral predators into forest environments 
is a contentious issue and one which has important implications for management. 
However, the relationship between roads and feral predators has not been tested and 
the evidence that does exist is equivocal. It is thought that feral predators commonly 
use roads for hunting (Cunningham 1990; Lumsden et al. 1991, Dickman 1992) due to 
the ease of movement along them (Bennett 1990, 1991). These beliefs are based on 
anecdotal evidence and thus may be subject to bias. They also may reflect the lack of 
understanding of feral predator behaviour and ecology in forests. For example, roads 
are used by humans more often than unroaded areas which may account for more 
sightings of these species on roads. In addition, feral predators are likely to be more 
visible/ detectable on roads. Scats of feral predators may be found more often on 
roads because of the relative ease of detecting scats in open conditions. However, it 
also may be a result of predator behaviour; the Fox and dog may defaecate on roads 
to mark their territories but may use areas away from roads for foraging. 
Evidence For The Hypothesis That Roads Facilitate The Ingress Of Feral Predators Into Forest 
Environments 
Feral predators may use roads for foraging and travelling, particularly in forests 
characterised by a dense understorey that may impede movement. During a rnanunal 
survey within dense vegetation in western Tasmania, Taylor et al. (1985) trapped large 
carnivores only along roads and creeks. Taylor et al. (1985) suggested that roads may 
facilitate the ingress of large carnivorous mammals into areas. Newsome and Catling 
(unpub. in Newsome et al. 1983a) observed that highly mobile species, such as the 
Dingo, appeared to use roads and beaches as 'rights of way'. The Cat and Fox have 
been observed hunting along river edges in Victoria (Lumsden et al. 1991). Harden 
(1985) found that the dog in forests of north-east NSW frequently travelled along 
landscape features that were naturally open, such as ridgetops and creeks, as well as 
firetrails. Schranck (1972) concluded that habitats adjacent to roads were used more 
intensively by predators which used the roads for travel. Bennett (1990) observed the 
Cat hunting and moving along forest roadsides. If feral predators preferentially use 
roads for movement and foraging, this may have detrimental consequences for native 
fauna living in the vicinity of roads/tracks. 
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Studies of the presence and numbers of scats on and away from roads support the 
hypothesis that feral predators use roads more than non-roaded habitat. For example, 
Moore (University of New England NSW, pers. comm.) found that 90% of dog and 
Fox scats occurred on roads. This indicated extensive use of roads by these species. 
A dog specifically trained to locate scats was used in that study. Moore (pers. comm.) 
also found that the Fox and dog did not use areas with dense understorey vegetation. 
Evidence from Dickman and Doncaster (1984) also suggested that the Fox uses tracks 
and areas close to tracks more than areas away from tracks. However, information 
based on the location of scats may not necessarily indicate that feral predators restrict 
their foraging in roaded and adjacent edge habitat. 
Evidence from research in England has indicated that the Fox, especially males, use 
railway lines for dispersal and movement (Kolb 1984). It also was apparent that the 
ease of movement through the habitat influenced whether the Fox used roads and 
railway lines (Trewhella and Harris 1990). Therefore, it is possible that roads in forest 
habitats facilitate the ease with which feral predators are able to access these 
environments, particularly in areas characterised by dense understorey vegetation. 
Evidence Against The Hypothesis That Roads Facilitate The Ingress Of Feral Predators Into 
Forest Environments 
Catling and Burt (1995a) found that the Fox was not always present in forests despite 
the presence of roads. They concluded that other factors may influence the 
distribution of the Fox in an area. Catling and Burt (1995a) found that the presence 
and abundance of the Fox was most strongly correlated with proximity to freehold 
land; the Fox occurred in relatively high numbers in forest areas within 2 km of 
freehold land. They surmised that ' ... the amount of disturbance to the forest in close 
proximity of the road was most likely of greater importance to red foxes than was the 
road itself ... ' (Catling and Burt 1995a, p. 10). However, it was possible that these two 
variables were auto-correlated. That is, roads are a feature of settled areas (such as 
freehold land) and road density is likely to be higher close to settled areas. 
Phillips and Catling (1991) found that the three foxes they radio-tracked in Nadgee 
Nature Reserve were not restricted to roaded areas. However, the open vegetation 
conditions may have allowed them to move freely away from roads. Harden (1985) 
also found that the dog was found in areas not accessible by roads. 
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The Potential Response Of Prey Species To Roads And The Consequences For Feral Predator 
Populations 
Roads and roadside verges may influence the structure of small mammal communities. 
For example, a study in the USA found greater diversity and higher densities of small 
mammals in roadside habitat than in adjacent habitat. Most of these species were 
grassland and generalist species (Adams and Geis 1983; Adams 1984). Other studies 
have also reported greater small-mammal diversity near roads compared with sites 
300-400 m into adjacent habitat (Palman 1977 in Adams and Geis 1983). If this is 
also true in Australia, then roadside habitat may provide an abundant supply of food 
for feral predators. 
Edges and roadside habitat also provide favourable grazing conditions for larger 
herbivores that are potential prey for feral predators. For example, edges are favoured 
by large macropods and the Common Wombat which graze on roadside verges and use 
nearby forest as refugia (Newsome et al. 1983a). The Rabbit is also capable of 
establishing populations along roads in forest environments due to the improved 
grazing conditions (Smith 1989). 
The use of fire also stimulates the growth of grass on roadside verges and attracts 
grazers, such as the Eastern Grey Kangaroo and Common Wombat (Gilmore 1990). 
These animals are vulnerable to being hit by vehicles because of their proximity to the 
road (Mcllroy 1978; Coulson 1982). A study on deer mortality in the USA found that 
many grazing animals feeding on grass along roadsides were hit by vehicles (Bellis and 
Graves 1971). The resulting carcasses are a potential food source for feral predators 
(Vestjens 1973). 
2.6.4. SUMMARY-THE POTENTIAL IMPACT OF FORESTRY OPERATIONS ON FERAL 
PREDATOR POPULATIONS AND THE IMPLICATIONS FOR NATIVE MAMMAL 
POPULATIONS 
In the eucalypt forests of Australia, there is a greater diversity and abundance of 
ground-dwelling mammals in areas characterised by dense understorey vegetation. If 
this is removed as a result of disturbance, such as fire and logging, animals may 
become vulnerable to predation and the open conditions may allow feral predators to 
hunt more efficiently. Subsequent regenerating forest - that is characterised by a 
dense understorey - may support relatively high numbers of ground-dwelling 
mammals. These may be prey of feral predators. These conditions may favour and 
possibly sustain relatively high numbers of feral predators. 
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Evidence that roads facilitate the ingress of feral predators into forest environments is 
inconclusive. Studies specifically investigating the presence and abundance of feral 
predators on and away from roads would help resolve this issue. Information from 
overseas and Australia suggests that roadside habitats have a higher carrying capacity 
for small mammals and herbivorous species that are prey of feral predators. As a 
result, higher numbers of predators may occur along roads. Clarification of the role of 
roads in facilitating the movement of feral predators and the response of native 
mammal populations to roads has important implications for management. For 
example, if roads facilitate access to forest areas by feral predators then road 
construction should be minimised and tracks revegetated if they are no longer needed. 
2.7. THE DISTRIBUTION AND ABUNDANCE OF FERAL PREDATORS IN 
THE EUCALYPT FORESTS OF NEW SOUTH WALES 
Feral predators appear to be widespread in the State Forests of NSW. However, there 
appears to be regional differences in abundance. The Cat and dog appear to be 
widespread and abundant in the forests of north-east NSW, while the Fox is generally 
rare or absent (Smith et al. 1992; Barker et al. 1994; Catling and Burt 1995a). In 
contrast, all three species appear to be widespread and relatively abundant in forests 
of southern NSW (Newsome et al. 1975; Newsome and Catling 1979; Lunney and 
Barker 1986). The reason for these regional differences is unclear. 
Regional Differences In The Survival Of Native Mammals In The Presence/Absence Of Feral 
Predators 
Regional differences in the distribution and abundance of feral predators have 
potential implications for the survival of many mammal species, particularly for 
species that are vulnerable to predation. Catling and Burt (1995a) found that in the 
forests of north-east NSW, where the Fox was rare or absent, small wallabies, the 
Spotted-tailed Quoll and bandicoots were relatively common. In contrast, in the 
southern forests of NSW, where the Fox was relatively abundant, medium-sized 
marrunals occurred in low numbers. 
There appear to be regional differences in the impact of feral predators on wildlife 
populations. For example, Johnson et al. (1989) found that the severity of impact was 
correlated with climatic variables, particularly seasonality and rainfall. Lenghaus et al. 
(1990) believed that CWR species were able to co-exist with the Fox in moist, highly 
productive environments in north-east NSW, unlike their counterparts in more arid 
environments. These studies suggest that prey populations inhabiting more productive 
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areas may be more resilient to the impact of feral predators - possibly because their 
habitat is more intact. 
2.7.1. TI-IE DISTRIBUTION AND ABUNDANCE OF FERAL PREDATORS IN RELATION 
TO DISTURBED AND UNDISTURBED FOREST AREAS 
Feral predators occur in disturbed (i.e., forest areas affected by forestry operations) 
and undisturbed forests (i.e., forests not directly affected by forestry operations). For 
example, Phillips and Catling (1991) found that the Fox (n = 3) in Nadgee Nature 
Reserve was not restricted to roads for movement and foraging. Harden (1985) found 
the dog in undisturbed forest habitats, including areas that were inaccessible by roads. 
In contrast, a radio-tracking study conducted in Namadgi National Park in the 
Australian Capital Territory found that the Fox (n =12) did not venture far from 
cleared land where its primary prey- the Rabbit - occurred (Peter Banks, University 
of Sydney, pers. comm.). However, this study did not attempt to trap and radio-track 
the Fox away from cleared land. Nevertheless, relatively few signs of the Fox (e.g., 
scats) were found in forested areas. However, as outlined above, scats are likely to be 
more difficult to find away from roads. 
Other researchers using indirect survey techniques, such as hair-tubes and scat surveys, 
have detected feral predators in undisturbed areas. For example, Lindenmayer et al. 
(1994a) detected the Cat and dog up to 165 m from roads in retained linear strips 
(wildlife corridors) and in continuous stands of unlogged montane ash forest in 
Victoria using hair-tubes. Information obtained from scat content analysis has 
suggested that feral predators forage in undisturbed forest environments. For example, 
Lunney (1987) analysed Fox and dog scats collected from several forest areas in 
south-east NSW and found a high proportion contained the remains of a number of 
possum species. Lunney (1987) concluded that because some of these species, such as 
the Greater Glider Petauroides volans, were restricted to gully areas (which had been 
reserved from logging), canids foraged in 'undisturbed' habitat. However, the extent to 
which retained gullies, or wildlife corridors, can be classified as 'undisturbed' is 
questionable given that they are typically less than 100 m wide, adjacent to logged and 
burnt areas and close to roads. In addition, it is possible that remains of the Greater 
Glider are scavenged by the Fox and dog beneath the roost sites of their natural 
predator, the Powerful Owl (McKay 1995), or from recently logged coupes (May pers. 
observation). 
Fauna surveys by the State Forest of NSW in the forests of south-east NSW have 
found evidence (scats and sightings) of the Fox and dog in undisturbed catchments 
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(Fanning and Mills 1990; Fanning and Patchen 1991). During these surveys, scats were 
found in relatively open habitat along rivers and creeks. This may have reflected the 
opportunistic approach to recording feral predators during these surveys as well as the 
difficulty of detecting scats where there is cover. 
None of the studies summarised in this section were designed to investigate the 
differences in the use of disturbed and non-disturbed forest by feral predators. In 
addition, the small sample sizes of most of the radio-tracl<lng studies makes it difficult 
to make inferences about the use of disturbed and non-disturbed forest habitat by 
these species. Information on the abundance of feral predators away from roads in 
forests is also lacking. 
2.7.2. SUMMARY - THE DISTRIBUTION AND ABUNDANCE OF FERAL PREDA TORS 
IN THE EUCAL YPT FORESTS OF NSW 
Feral predators appear to be widespread in the eucalypt forests of NSW. However, 
information on regional differences in their distribution and abundance is limited. 
There appear to be differences between the northern and southern forests of NSW, 
particularly in regard to the presence and abundance of the Fox. Reasons for these 
patterns are not clear. Consequently, the implications for native fauna are unknown. 
However, there is evidence that a negative correlation exists between the relative 
abundance of the Fox and medium-sized ground-dwelling mammals. 
Limited information is available on the distribution of feral predators in disturbed 
forest and undisturbed forest habitat. This makes it difficult to determine the effects 
of forestry operations on feral predators and in tum, their impacts on prey 
populations. 
2.8. LINKS TO THE THESIS 
A number of general conclusions can be drawn from the material reviewed in this 
chapter: 
1. More information on the ecology of feral predators in forest ecosystems is required 
before their impacts on native species can be ascertained. Nevertheless, anecdotal 
and circumstantial evidence suggests that their impacts may be significant. The 
control of feral predators may therefore be fundamental for the survival of many 
species, particularly those that are endangered and fall within the CWR. 
2. Information on the diet of feral predators in forest environments can indicate the 
species likely to be most at risk from predation by feral predators. 
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3. Feral predators may impact on native fauna in a variety of other ways, such as 
competition and the transmission of disease. Little is known about the significance 
of these indirect effects for the survival of native fauna. 
4. Forest management activities, such as road construction, timber harvesting and fire, 
may favour feral predators at the expense of native species. 
5. Although feral predators appear to be widespread in the eucalypt forests of NSW, 
there is evidence which suggests that there may be regional differences in the 
abundance and distribution of the Fox. 
Decisions on the control and management of feral predators require sound information 
about the impact they have on native species. For example, do feral predators 
suppress native vertebrate populations? If so, is it to the extent that they threaten 
these species/populations with extinction? Quantifying these impacts may be 
difficult due to a range of additional factors that may influence the survival of species 
and populations, such as forestry operations, habitat clearing and modification. The 
lack of base-line data (i.e., historical information) available on the distribution and 
abundance of native species also make conclusions on the impact of feral predators on 
native species difficult. 
No single study is likely to provide the answer to all these questions. Nevertheless, it 
is important to conduct research that will elucidate the ecology of feral predators and 
their impact on native species in forest ecosystems. It is also important to understand 
the consequences of human activities for feral predator populations and, in tum, their 
potential impacts on native species. The results of such studies may contribute 
towards developing appropriate and effective methods of control of feral predators as 
well as providing a framework for future studies to be undertaken. 
This study investigated a number of aspects of the ecology of feral predators in the 
south-east forests of NSW and addressed the effectiveness of techniques currently 
used for surveying these species. In particular, this study examined: 
1. The effectiveness of techniques for detecting feral predators in forest environments 
and their suitability for obtaining information on their abundance; 
2. The distribution of feral predators in roaded and non-roaded forest areas to 
elucidate the role of roads in facilitating the ingress of feral predators in forest 
ecosystems; 
3. The use of roaded and non-roaded habitat by feral predators; 
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4. The relationships between habitat variables and the distribution and abundance of 
feral predators; 
5. The diet of feral predators in the study area to determine which species are 
potentially at risk from predation; and 
6. The relationship between the abundance of prey and their occurrence in the diet to 
provide information on whether feral predators are selective or opportunistic in 
their choice of prey. 
This study also provided an opportunity to investigate the effectiveness of current 
poison-baiting regimes for the control of feral predators (although the study was not 
designed explicitly to test this). The nature of possible interspecific interactions 
between feral predators is also addressed. Recommendations for further research have 
been provided on the basis of the outcomes of this study. 
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3 
THE STUDY REGION 
3.1. INTRODUCTION 
lhis chapter provides background information on the selection of forest areas and 
sites in south-east NSW to: 
1. Compare different techniques for surveying feral predators (see Chapter 4); 
2. Examine the distribution and abundance of feral predators in the south-east 
forests of NSW (see Chapters 4 and 5); 
3. Investigate the diet of feral predators and assess the relative risk of prey species 
to predation by feral predators (see Chapter 6); 
4. Identify habitat variables that may influence the abundance of feral predators in 
native eucalypt forest ecosystems in Australia (see Chapter 7); and 
5. Characterise the use of roaded and non-roaded forest habitat by feral predators 
(see Chapter 5). 
In this chapter, the location and size of the study region is described. A general 
description of the physical and biological attributes, including the bioclimatic 
domains is also given. This information provided a context for the study and a 
basis for investigating possible environmental characteristics that may influence 
regional variation in feral predator distribution and abundance. Stratification of the 
study region and methods used for site selection are also described. 
3.2. THE STUDY REGION 
The study region is situated in south-east NSW, and is bounded by the 
NSW /Victorian border in the south, the Pacific Ocean in the east, Bombala in the 
west and a line demarking 36°30'S latitude in the north (Figure 3.1). The region 
comprises the State Forests of the Eden Management Area (EMA) which covers 
244 937 ha (State Forests of NSW 1994). 
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Figure 3.1 - Location of the escarpment and coastal area and sites (i.e., points on 
the map) in the study region 
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3.2.1. PHYSICAL CHARACTERISTICS 
Topography 
The region is characterised by rugged topography with slopes predominantly greater 
than 15 degrees (Heyligers 1977 in Recher et al. 1980). Elevation ranges from sea 
level to 1200 m (Brown Mountain). The western half of the EMA, or escarpment 
area, ranges from 600 to 900 m. The eastern half, or coastal area, is generally less 
than 300 m (Recher et al. 1980). Most (62%) of the State Forests in the EMA are 
located on lands between sea level and 300 m elevation (State Forests of NSW 
1994). 
Climate 
The climate of the EMA is cool temperate with cold winters and mild summers 
(State Forests of NSW 1994). The micro-climate throughout the EMA is influenced 
by altitude and topography (State Forests of NSW 1994). 
Coastal and escarpment forests have mean annual rainfall of 800 - 1340 mm (State 
Forests of NSW 1994). The topography of the region strongly influences rainfall. 
For example, more than 1100 mm/year falls in high elevation areas, such as Brown 
Mountain (Recher et al. 1980). The summer months are generally wetter than winter 
months (State Forests of NSW 1994). 
Temperatures in the EMA are generally moderate, due to the coastal influence, but 
frost and occasionally snowfalls occur at higher elevations in the west during winter 
(State Forests of NSW 1994). February, the warmest month, has temperatures 
ranging from 14°C to 32°C in the east (Bega) and 9°C to 23°C in the west 
(Nirnmitabel). The differences in the mean daily temperatures reflect the altitudinal 
change and distance from the coast (State Forests of NSW 1994). 
Geology /Soils 
Soils derived from the Devonian Bega granite (the Bega Batholith) and Ordovician 
marine sediments are the most common in the region (Recher et al. 1980; Kavanagh 
and Bamkin 1995). The major occurrence of the Ordovician sediments, which 
occupy 33% of the region, are found in the coastal forests and the western half of 
Bondi State Forest. The Bega Batholith is the dominant geological feature, 
occupying approximately 45% of the region and extending from the northern and 
southern bonndaries of the study region with an average width of 30 km (State 
Forests of NSW 1994). 
The soils of the area are variable, having been formed on a range of parent rock 
types (State Forests of NSW 1994). Generally, the soils of the EMA are acidic, 
highly weathered and are poor to moderately rich in nutrients (Turner et al. 1978 in 
Recher et al. 1980; Bridges and Dobbyns 1991). 
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Historical Fire Regime 
Historically, wildfires occurred at a frequency of between 3 and 12 years (Walker 
1981). The dry sclerophyll forests of the region bum more frequently than the moist 
forests. Following European settlement, fire frequency increased (Williams and Gill 
1995). However, in the past 20 years wildfire frequency has apparently reverted to 
pre-European settlement levels (State Forests of NSW 1994). 
3.2.2. BIOLOGICAL CHARACTERISTICS 
Vegetation 
Forest types in the region vary according to changes in soil fertility, slope, elevation 
and aspect (Recher et al. 1980). Thirty-six forest types/vegetation communities 
have been identified in the EMA. The classification of the forest types has been 
based on the premise that composition, structure and productivity of forest 
vegetation is sensitive to the interaction of topography, soils and micro-climate 
(State Forest of NSW 1994). These have been grouped together to form leagues. 
The stringybark/silvertop ash forest league dominates (54%) the forests of the 
EMA, particularly the coastal forests to the south and south-west of Eden (Bridges 
and Dobbyns 1991; State Forests of NSW 1994). The messmate/gum league is 
widespread, occupying large areas on the escarpment and occurring in gullies in the 
coastal forests (State Forests of NSW 1994). The Brown Barrel Eucalyptus fastigata 
league occurs on the escarpment, particularly in the north. Rainforest in the study 
region is restricted and fragmented, occupying less than 1 % of the total area of State 
Forest (State Forests of NSW 1994). 
Mammalian Fauna 
The eucalypt forests of south-east NSW harbour a variety of native and introduced 
mammals. At least 65 species of mammals occur or are expected to be present in 
the region (State Forests of NSW 1994). Twenty-two of these are native ground-
dwelling and aquatic species, 11 are arboreal species and 11 are exotic species 
(Table 3.1) (State Forests of NSW 1994). At least 21 species of bats also occur or 
are likely to be present in the study region (State Forests of NSW 1994). With the 
exception of bats, all of the native mammal species in the EMA have been found in 
the scats of the Cat, Fox and dog (Table 2.1 in Chapter 2). Thus, all are considered 
to be potential prey of feral predators (including species that may only be 
consumed as carrion, such as the greater glider). 
Nine species in the EMA are listed as endangered or vulnerable in the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 and 
NSW Threatened Species Conservation Act 1995. 
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General Description Of The Distribution And Abundance Of Mammals In The Study 
Region 
The distribution and abundance of manunals is patchy in the region. Braithwaite 
(1983) estimated that approximately 63% of arboreal marsupials (including the 
Greater Glider, Feathertail Glider, Sugar Glider Petaurus breviceps, Yellow-bellied 
Glider Petaurus australis, Conunon Brushtail Possum, Conunon Ringtail Possum and 
Eastern Pygmy Possum Cercartetus nanus) occur in approximately 9% of the area. 
The highest concentrations of these species occurred within nine of the 22 vegetation 
conununities. Further analyses revealed that the arboreal marsupial fauna 
responded to a gradient in foliage nutrients. The maximum densities and diversity 
of arboreal manunals occur in forests characterised by eucalypt species with a high 
concentration of foliage nutrients and predominantly on soils of high fertility 
(Braithwaite et al. 1983; Braithwaite et al. 1984). 
Forest types found to support relatively high abundances of arboreal marsupials 
include the peppermint-mountain/manna gum, messmate/gum, brown barrel, 
brown barrel/ gum, mountain/manna gum and mountain grey or monkey 
gum/yellow stringybark forest types (State Forests of NSW 1994). Forest types 
that are relatively poor habitats for arboreal marsupials are dominated by the 
silvertop ash and/ or stringybark forest types (Recher et al. 1980; Braithwaite 1983; 
Lunney 1987; Braithwaite et al. 1988). 
Kavanagh and Bamkin (1995) found that all species of arboreal marsupials, except 
the Greater Glider, frequently occurred in forests growing on Ordovician sediments. 
These forests typically occur at lower elevations in the region. Thus, elevation was 
found to be a significant variable accounting for the distribution of arboreal 
marsupials. Geology was strongly correlated with elevation and vegetation type; 
the latter two variables were found to be more important to these taxa than geology 
per se. 
In the coastal forests, populations of marrunals typically occur in the higher quality 
sites along drainage lines (Recher et al. 1980). Studies conducted in Australia and 
elsewhere suggest that animals may occur at higher population densities in areas of 
higher carrying capacity, or more productive environments, than in areas of lower 
carrying capacity (e.g., Belovsky 1981; Braithwaite et al. 1983). 
Unlike the arboreal marsupials, the distribution and abundance of native ground-
dwelling manunals in the southern forests of NSW (except for the Common Wombat 
and large wallabies) appears to be related to complexity of the understorey (Catling 
and Burt 1995b). 
In the eucalypt forests immediately north of the EMA, abundances of small 
mammals were positively correlated with foliage magnesium, which may be 
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positively correlated with productivity (Braithwaite et al. 1989; Catling and Burt 
1995b). However, at sites with high habitat complexity, abundances of small 
mammals were high regardless of the foliage nutrient level (Catling and Burt 1995b ). 
Large native mammals (e.g., the Common Wombat and Eastern Grey Kangaroo) 
were negatively correlated with the foliar concentration of magnesium and habitat 
complexity. This is thought to reflect these species' preferences for open areas 
(Catling and Burt 1995b). 
The Bush Rat, Swamp Rat Rattus lutreolus, Brown Antechinus Antechinus stuartii 
and Dusky Antechinus are widespread in the region. The Bush Rat and Brown 
Antechinus are the most abundant species and occur in most mature forest habitats 
(Recher et al. 1980). The Dusky Antechinus occurs in wet forest, gullies and 
streams, and more often at lower elevations. It is generally absent from dry forest 
(Recher et al. 1980; Richards et al. 1990). Although the ecology of the Swamp Rat 
has not been investigated in the EMA, studies from Victoria indicate that this 
species is associated with habitats characterised by dense ground vegetation 
(Braithwaite and Gullan 1978). 
Recher et al. (1980) found that small mammals were most abundant in tall moist 
forest and low open forest characterised by dense cover with well developed shrub, 
or ground layers of vegetation. Dry open forest and ridges were not favoured by 
these species (Recher et al. 1980). 
The Long-nosed Bandicoot is also widespread and moderately common in the 
region, whereas the Southern Brown Bandicoot has a patchy distribution and is less 
abundant (Richards et al. 1990). The Southern Brown Bandicoot prefers areas with 
dense ground-cover vegetation (Braithwaite 1995), whereas the Long-nosed 
Bandicoot occurs in areas with relatively sparse ground-cover vegetation (Stodart 
1995). 
Forest leagues in the EMA that are characterised by dense understorey vegetation -
which would be expected to be favourable for small and medium-sized ground-
dwelling mammals - include the messmate /brown barrel/ gum forest league and 
forests found in gullies (State Forests of NSW 1994). 
The Eastern Grey Kangaroo, Red-necked Wallaby, Swamp Wallaby and Common 
Wombat are ubiquitous and abundant in the study region and appear to be 
relatively more abundant at higher elevations (Richards et al. 1990; State Forests of 
NSW 1994). 
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Table 3.1 -The status of ground-dwelling, arboreal and exotic mammal species 
recorded in the Eden Management Area. Scientific names of species in the table can 
be found in Appendix 1. Source: State Forests of NSW 1994. 
Key: 
*=species not listed on Commonwealth or State endangered species legislation. 
1 ;;:; species listed as endangered on the Commonwealth's Environment Protection and 
Biodiversity Conservation Act 1999. 
2 = species listed as endangered on the NSW Threatened Species Conservation Act 1995 
3 = species listed as vulnerable on the NSW Threatened Species Conservation Act 1995. 
• = species listed as key threatening processes in the Environment Protection and 
Biodiversity Conservation Act 1999. 
Species Status Species Status 
Native Mammal Species 
Tachyglossidae Dasyuridae 
Short-beaked Echidna * Brush-tailed Phascogale * 
Ornithorhynchidae Phascolarctidae 
Platypus * Koala 3 
Dasyuridae Burramyidae 
Brown Antechinus * Eastern Pygmy Possum * 
Dusky Antechinus * Phalangeridae 
Yellow-footed Antechinus s * Mountain Brush-tailed * 
White-footed Dunnart 3 Possum 
Spotted-tailed Quoll 3 Common Brush-tailed Possum * 
Peramelidae Petauridae 
Southern Brown Bandicoot 2 Yellow-bellied Glider 3 
Long-nosed Bandicoot * Sugar Glider * 
Vombatidae Squirrel Glider** * 
Common Wombat * Pseudocheiridae 
Potoroidae Greater Glider * 
Long-footed Potoroo 1, 2 Common Ringtail Possum * 
Long-nosed Potoroo 3 Acrobatidae 
Muridae Feathertail Glider * 
Water Rat * Macropodidae 
Smoky Mouse 2 Eastern Grey Kangaroo * 
Bush Rat * Common Wallaroo * 
Swamp Rat * Red-necked Wallaby * 
Broad-toothed Rat** * Swamp Wallaby * 
Brush-tailed Rock-wallaby 3 
Exotic Mammal Species 
Dog/Dingot * Rabbit • 
Cat • Brown Hare * 
Fox • Black Rat * 
Pig * House Mouse * 
Goat • Sambar Deer * 
**these species may occur in the region. 
t these species have been grouped together to illustrate that the dog, Dingo, and their hybrids are found 
throughout the EMA 
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3.3. STRATIFICATION OF THE STUDY REGION 
3.3.1. REGIONAL STRATIFICATION 
To place the region in a broader environmental context and to identify the intrinsic 
environmental variation, the region was stratified using environmental domains 
(Richards et al. 1990). Environmental domain classification was initially based on 
sampling the spatial and temporal variation in environmental factors and then 
identifying places that share similar classes of physical attributes (e.g., terrain, 
climate, nutrient level; Richards et al. 1990). The classes, or domains, are generated 
by computerised, agglomerative classification procedures that enable their 
geographic location to be determined (Richards et al. 1990). Environmental domains 
were generated using the procedure outlined in Richards et al. (1990), and were 
based on climatic attributes (i.e., radiation, temperature, precipitation), terrain 
attributes (i.e., slope, relief, roughness) and a nutrient index. 
The aggregation of environmental attributes into 30 domains (Figure 3.2) was 
considered to be appropriate. Richards et al. (1990, p. 64) considered the 
classification of environmental attributes to this level sufficient to allow the 
identification of areas which " ... differ significantly in terms of their basic 
environmental endowment and likely biological responses". However, these 
differences have not been tested. The assumption that environmental domains 
differ significantly in terms of their 'basic environmental endowment' must therefore 
be regarded as a hypothesis. 
To provide a comparative basis for field research, six environmental domains were 
selected for field surveys in this study. Three at the upper end of the domain 
groupings (24, 25, 27) and three at the lower end of the domain groupings (3, 7, 4; 
Figure 3.2). Environmental domains at the upper and lower end of the domain 
groupings were selected to maximise the likelihood that different physical and 
biological environments were sampled in the region. 
Broad descriptions of the abundance and distribution of native species in the EMA 
suggest that the forest types found in the escarpment area, including brown barrel, 
brown barrel/ gum etc, are likely to harbour relatively higher abundances of arboreal 
marsupials (Braithwaite et al. 1984; State Forests of NSW 1994). Conversely, forest 
types dominated by silvertop ash/ stringybark, which characterise the coastal area, 
have been found to be the poorest habitat for these taxa (Braithwaite 1983; Lunney 
1987). 
Dense understorey vegetation, characteristic of the messmate /brown barrel/ gum 
forest leagues, may harbour relatively higher abundances of small ground-dwelling 
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mammals. Again, these forests are found in the escarpment area. Similarly, the 
Eastern Grey Kangaroo, Swamp Wallaby and Common Wombat are likely to occur 
at higher abundances in the escarpment area (Richards et al. 1990; State Forests of 
NSW 1994). 
The escarpment forests encompassed the Glenbog, Tantawangalo, Cathcart, 
Coolungubra and Nalbaugh State Forests (Plate 3.1). The coastal forests 
encompassed the Nullica, East Boyd and southern parts of Yurammie State Forests 
(Plate 3.2). 
In this study it was hypothesised that the abundance of feral predators would be 
relatively higher in areas where there were relatively higher abundances of potential 
prey species. Thus, it was expected that the abundance of prey species - and 
therefore feral predators - would be higher in the escarpment area. 
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Figure 3.2 - Map of envirorunental domains within south-east NSW. 
KE"\r 
Envirnnmental Domain Clas si.fic ab.on 
D••······~·§·~~Q••B•D Q~DD•§§~ l 2 3 4 5 6 7 8 ·3 10 111213 14 15 lb 17181'3 2021 222324252627282'3 :30 
O Sites 
Plate 3.1 - Example of forest in the escarpment area (Glen bog State Forest). Photo by Tim Rowston. 
·' c 
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3.3.2. SITE SELECTION 
Two criteria were used to guide site selection within the environmental domains. 
These were: (i) the sites needed to be at least 3 km apart; and (ii) adjacent to 
unlogged forest habitat. The sites chosen were located adjacent to unlogged forest 
to reduce the effects of human-induced disturbance (other than reading) and to 
allow investigation of the use of unlogged habitat by feral predators. 
Sites were situated at least 3 km apart to maximise the likelihood of surveying 
different individuals: that is, to maximise independence of the data. This decision 
was based on the assumption that the home-ranges of resident animals did not 
exceed 900 ha in the study area (Langham and Porter 1991; Jones and Coman 
1982a; Phillips and Catling 1991). However, the home-range size of the dog may be 
bigger than this (Thomson 1992b). Thus, observations of the Cat and Fox at sites 
were treated as independent, while a more cautious interpretation was made for the 
data for the dog. It was also possible that transient, or dispersing, animals may be 
recorded at more than one site. However, the extent that this may have happened 
was unknown and thus was not considered in the analyses. 
The landscape in which the study was undertaken was heavily disturbed by logging. 
Compartment history maps8 obtained from State Forests of NSW were used to 
identify potential sites in each area. · These were then inspected during preliminary 
field reconnaissance. Sites where logging had taken place, indicated by the presence 
of stumps, were discarded. This left 15 possible sites available for investigation in 
both the escarpment and coastal areas: the maximum number of sites available for 
surveys. Additional sites would have breached the criteria employed in the 
selection, viz:- (i) sites needed to be located within the environmental domains, (ii) 3 
km apart, and (iii) adjacent to unlogged forest. 
3.3.3. GENERAL DESCRIPTION OF THE ESCARPMENT AND COASTAL SITES 
Sites surveyed in the escarpment area were characterised by the messmate /brown 
barrel/ gum forest league. Brown barrel were a common feature of these sites. The 
coastal sites were comprised predominantly of silvertop ash, stringybarks E. 
globoidea, E. agglomerata, E. muelleriana, yertchuk E. consideniana and bloodwood E. 
gummifera complexes on low to moderate fertility soils (State Forests of NSW 
1994). Table 3.2 provides a general description of the forest types present at each 
site. 
8 These maps provide information on logging and fire histories for the EMA from 1970 
onwards. 
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The mean annual temperature in the coastal area is higher than the escarpment area. 
The range of values for mean annual rainfall is similar for both areas and the mean 
elevation is generally higher in the escarpment area. The range of values for key 
environmental attributes (mean annual temperature, mean annual precipitation, 
nutrient index, mean elevation) for domains surveyed in the coastal and escarpment 
areas are provided in Table 3.2. 
Table 3.2 - A summary of the range of values for key attributes of the physical environment for domains surveyed in the escarpment and coastal 
area, forest type at each site and the distance between sites. Forest types obtained from State Forests vegetation maps (Forestry Commission of 
NSW 1988). Figures for mean elevation, mean annual temperature and mean annual precipitation and nutrient rating were obtained from Richards et 
al. (1990) and summarises the range values found within each domain. 
Key: E = escarpment area; C = coastal area; ME = mean elevation; AT = mean annual temperature; AP = mean annual precipitation; NR = nutrient 
ratin ; Distance =distance to closest site. 
Area Domain Site ME(m) AT (•C) AP(mm) NR Forest Type Distance 
(km) 
E 27 Mines 722-904 10.4-11.2 562-635 6.9-8.9 brown barrel/messmate, brown barrel, bro\Ain barrel/ gum, 11.8 
messmate/ ash 
Wog Way II brown barrel/messmate, messmate/gum, messmate/ash 3.3 
25 Waratah 806-962 10.1-10.6 840-1040 4.2-4.8 shining gum, mountain grey gum, maiden's gum, manna gum, 3.0 
mountain gum, peppermint/ mountain gum 
Wog Way I brown barrel/messmate, messmate/gum, messmate/ash 3.0 
Dragon Swamp 4.0 
New Trig 6.1 
Rayners brown barrel/messmate, brown barrel, brown barrel/ gum, 12.1 
messmate/ ash 
Tantawangalo 7.6 
Mountain 
New Line 4.1 
Packers 6.8 
Swamp II 
Bemboka 7.5 
River 
Fraxinoides • 7.5 
Solomons 6.8 
Packers shining gum, mountain grey gmn, maiden's gum, manna gtun, 4.0 
Swamp I mountain gum, peppermint/mountain gum 
24 Fastigata 870-1061 9.5-10.4 804-807 4.3-4.4 brown barrel/messmate, brown barrel, brown barrel/gum, 8.0 
messmate /ash 
Table 3.2 cont ... 
Area Domain Site ME(m) AT (•C) AP(mm) NR Forest Type Distance 
/1 \ 
c 3 Goanna 110-166 14.2-14.5 881-959 4.7-7.1 yellow stringybark/ l?:Uill 3.3 
Burrawang silvertop ash, silvertop ash/peppermint, silvertop 3.3 
ash/stringybark, messmate/ash, white ash 
Mustering yertchuk, silvertop ash, silvertop ash/peppermint, silvertop 7.1 
Ground ash/stringybark, southern stringybark, red bloodwood 
7 Dulin 288-432 12.8-13.7 894-939 4.1-6.3 yertchuk, silvertop ash, silvertop ash/peppermint, silvertop 6.3 
ash/stringybark, southern stringybark, red bloodwood 
Myrrail 6.4 
Nullica 7.3 
Dobbyns 9.7 
Old Hut 7.5 
Sugarloaf 3.1 
Causeway 6.5 
Mitchell 's yellow stringybark/ gum 7.5 
Creek 
Predator9 3.1 
Leo's Creek 6.3 
Gree 4.1 
6 Kingfisher 218-346 13.4-14.2 828-867 4.0-5.4 silvertop ash, silvertop ash/peppermint, silvertop 11.0 
ash/stringybark, messmate/ash, white ash 
9 This road did not have an official name. 
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4 
COMPARISON OF TECHNIQUES TO 
SURVEY FERAL PREDATORS IN THE SOUTH-
EAST FORESTS OF NEW SOUTH WALES 
4.1. INTRODUCTION 
The relative efficacy of spotlighting, scat surveys, scent-station surveys and hair-tube 
surveys for obtaining estimates of the relative distribution and abundance of feral 
predators in forest environments has not been tested. In the absence of this knowledge 
surveys of feral predators may be sampling artefacts: animals may occur in an area but 
not be detected. As a consequence, results of field studies may be misinterpreted. For 
example, one technique may detect the Fox but not the Cat. If the relative efficacy of 
the technique for surveying these species is not known, then the conclusion that the Cat 
it absent may be false. 
The efficacy of a variety of techniques used to survey feral predators was investigated 
in this chapter. The results were used to elucidate patterns of the distribution and 
abundance of the Cat, Fox and dog in the south-east forests of NSW (specifically, the 
Eden Management Area; EMA). They also provided an opportunity to investigate the 
efficacy of poison-baiting for the control of feral predators in the region. 
The aims and hypotheses of the research undertaken in this chapter are given below. 
They are followed by: (i) a discussion of the problems associated with carnivore 
surveys; (ii) a description of techniques that have been used to survey carnivores; (iii) a 
description of the feral-predator control regimes used in the region during this study; 
(iv) a description of the methods used to survey the Cat, Fox and dog in this study; (v) 
the results of extensive field surveys; and (vi) a discussion of the key findings. 
4.1.1. AIMS 
The primary aim of this research was to assess the relative efficacy of spotlighting, 
scat surveys, scent-stations and hair-tubes for surveying the Cat, Fox and dog in the 
EMA. 
The null hypothesis was that spotlighting, scat surveys, scent-stations and hair-tubes 
were equally effective in detecting and providing a relative index of abundance of feral 
predators in the forests of south-east NSW. 
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A second aim was to investigate the distribution and relative abundance of the Cat, 
Fox and dog in the region. The null hypothesis was that there was no significant 
difference in the distribution and abundance of feral predators between the 
escarpment and coastal areas in the EMA. 
As poison-baiting for control of the Fox and dog occurred during the study, the results 
from surveys were used to explore the efficacy of this control regime for reducing their 
populations. The null hypothesis was that poison-baiting did not significantly reduce 
the abundance of the Fox and dog at sites where baiting occurred. More specifically, 
that there was an interaction between period (i.e., pre-baiting and post-baiting 
periods) and the abundance of the Fox and dog (as reflected by the number of scats 
collected) at sites. 
4.1.2. PROBLEMS ASSOCIATED WITH CARNIVORE SURVEYS 
"Relative abundance or density estimates of carnivore populations are needed to pursue 
responsible management programs or analyse manipulative experiments ... the majority of 
techniques used for estimating abundance are either inaccurate, imprecise, incorrectly analysed 
or unsuitable." (Fleming and Thompson 1995, p. 67). 
Carnivore surveys are problematic for a number of reasons, including the low 
abundances of carnivores in the landscape, their relatively large home-ranges, the 
extensive movement patterns of individuals, and their cryptic behaviour (Pelton and 
Marcum 1977). Populations of the Cat, Fox and dog in Australia display many of 
these characteristics. They are elusive, crepuscular and nocturnally active, have 
seasonally-variable patterns of activity, have relatively large home ranges, and usually 
occur at low population densities (Fleming and Thompson 1995). In addition, the 
costs associated with surveying large areas - and the paucity of information regarding 
the efficacy of different methods for surveying these species - increase the difficulty 
of researching these species. 
4.1.3. DESCRIPTION OF TECHNIQUES USED TO SURVEY FERAL PREDATORS 
Most research investigating the efficacy of techniques for surveying carnivores has been 
undertaken in North America (e.g., Linhart and Robinson 1972; Linhart and Knowlton 
1975; Roughton and Sweeny 1982; Conner et al. 1983; Diefenbach et al. 1994; 
Smallwood and Fitzhugh 1995). Fewer studies of this type have been conducted in 
Australia and most of these have been undertaken in the last decade (e.g., Algar and 
Kinnear 1992; Allen et al. 1996; Thompson and Fleming 1994). Thus, research such as 
this is a relatively new field of endeavour in this country. No studies to date have 
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investigated the efficacy of different techniques for surveying feral predators in forest 
environments. 
Spotlight Surveys 
Spotlight surveys are used by field biologists to survey and derive estimates of the 
distribution and relative abundance of mammals in an area, including the Cat and Fox 
(Fafarman and DeYoung 1986; Bennett 1990; Weber et al. 1991; Coman et al. 1995; 
Short et al. 1995). Spotlights are either handheld and/ or attached to a slow-moving 
vehicle. Species are distinguished by body size and shape, and eyeshine (Lindenmayer 
and Press 1989). 
Scat Surveys 
The number of scats collected along pre-determined survey transects (usually 
established along roads or tracks) has been used to assess the distribution and relative 
abundance of carnivores. For example, Robertshaw and Harden (1986) collected the 
scats of the Dingo every month and used the data to derive an index of relative spatial 
and temporal abundance of this species. In Dofiana National Park (Spain), Rau et al. 
(1985) collected the scats of the Fox from plots to assess their density over time. In 
North America, Conner et al. (1983) used the number of scats from the lynx and grey 
Fox to evaluate and compare the results with those obtained from scent-stations. 
Scent-stations 
The method of using scent-stations to survey carnivores was developed in the USA 
(Wood 1959). Scent-stations rely on attracting animals to a site where their visit can 
be recorded as foot-prints, often in a sand medium. The use of scent-stations is 
thought to be a reliable method for broadly estimating the relative spatial and 
temporal abundance of carnivores (Linhart and Knowlton 1975; Roughton and Sweeny 
1982; Conner et al. 1983; Rau et al. 1985). Scent-stations have been used to detect 
regional and seasonal changes in abundance of carnivores (Conner et al. 1983; 
Smallwood and Fitzhugh 1995). For example, Conner et al. (1983) found that scent-
station indices for the grey Fox and lynx reflected seasonal trends in the population 
density of these species. 
As the name 'scent-station' implies, the efficacy of the scent or lure in attracting the 
target animal to a site is pivotal to the success of this method. Animals respond to 
scent-stations in a variety of ways. These behaviours can be described broadly as: 
'curious', where an animal visits the station and then departs; 'ingestive', where vials 
containing lures are bitten or baits eaten; and 'irresistible', where defaecating, urinating, 
rolling, digging etc, indicate a prolonged visit by the animal (Mitchell and Kelly 1992). 
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Scent used to attract carnivores often have a strong odour and can be manufactured or 
obtained from natural sources. Examples include urine and faeces from the same or 
other species of carnivore (Rau et al. 1985; Conner et al. 1983; Windberg and Knowlton 
1990); fatty acid scents including Synthetic Fermented Egg (SFE) (Linhart and 
Knowlton 1975; Roughton and Sweeny 1982; Diefenbach et al. 1994; Hein and Andelt 
1994; Thompson and Fleming 1994; Allen et al. 1996); fresh and decomposed animal 
matter (Allen et al. 1989; Trewhella et al. 1991; Hein and Andelt 1994; Allen et al. 
1996); and various other concoctions containing fishy, sulphurous, aldehydic, fruity 
and sweaty odours (Turkowski et al. 1983). 
Few experiments have specifically investigated the efficacy of different scents in 
attracting carnivores. Turkowski et al. (1983) compared a range of lures for eliciting a 
variety of behavioural responses in the Coyote at scent-stations (e.g., visiting, pulling 
and biting at capsules containing the lure, and defaecation). The study by Turkowski 
et al. (1983) found that: (i) synthetic compounds, including scatologic, aldehydic and 
fishy fractions, elicited pulling behaviour in the Coyote; (ii) Synthetic Fermented Egg 
(DRC-6500) had high visitation and pulling rates; and (iii) various lures comprised of 
decaying animal matter such as limberger cheese, sardines, seal oil, and beef brains 
also successfully attracted the Coyote. A study on the dog in Australia found that 
fermented anal glands and urine of the dog was attractive to the dog across all seasons 
and regardless of the population density of the target animals (Mitchell and Kelly 
1992). 
Turkowski et al. (1983) concluded that many factors can cause variation in predator 
response to attractants. These included environmental influences (e.g., geography, 
season, climate), concentration of lures, individual behaviour and population density-
dependent factors. For example, Turkowski et al. (1983) found that the Coyote 
visitation rate was highest at 8% DRC-6500 compared to other concentrations. This 
suggested that a lure can have an optimum concentration and that minute changes in 
lure concentrations (resulting from additives, evaporation, storage, or exposure) can 
alter its effectiveness. Turkowski et al. (1983) also found that some lures were more 
effective in particular geographic regions. 
Hair-tubes 
Hair-tubes are a relatively recent innovation (Suckling 1978; Scotts and Craig 1988) 
and are an increasingly popular method to survey forest mammals (Brown et al. 1989; 
Laidlaw and Wilson 1989; Lindenmayer et al. 1994b). They also provide a means to 
survey rare species that are difficult to detect by other means (Saxon and Noble 1993). 
However, it is not possible to distinguish between individuals using hair-tubes without 
the aid of genetic analysis. Thus, they cannot provide information on the number of 
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individuals that have visited, nor can they provide information on the age and sex of 
individuals (Sherwin 1991; Lindenmayer et al. 1994b). 
Hair-tubes are usually constructed from PVC stormwater sockets which are lined with 
double-sided sticky tape9 . Lures are contained in a bait chamber at the narrow end 
of the tube, but are inaccessible due to an aluminium mesh barrier (Figure 4.1). 
Animals attracted to the bait brush against the sticky-tape and deposit hairs which 
can then be identified. 
Figure 4.1 - Hair-tube design (adapted from Scotts and Craig 1988) 
Bait/lure chamber 
PVC stormwater piping 
~---
Double-sided sticky-tape 
Other Methods 
Other methods used to assess carnivore populations include: counting tracks made by 
animals, which requires an appropriate tracking surface such as snow (Theberge and 
Wedeles 1989b) or sandl0 (Catling and Burt 1994; Allen et al. 1996); den/litter counts 
(Harris 1981; Coman et al. 1991); mark-recapture studies (Linhart and Robinson 1972; 
Windberg and Knowlton 1990); baiting (Windberg and Knowlton 1990; Algar and 
Kinnear 1992); questionnaires to local residents (Mitchell et al. 1992); and shooting 
(Windberg and Knowlton 1990). These approaches were not used in this investigation 
due to the impracticability and/ or logistical problems of employing them in the study 
region. 
4.1.4. THE CONTROL OF FERAL PREDATORS IN THE EDEN MANAGEMENT AREA 
Programs designed to control the Fox and dog are integral to the management regime 
for conserving native wildlife within the EMA (State Forests of NSW 1994). For 
9 Schaffer & Co. Victoria 
10 This method was not considered suitable for this study because logging traffic may have 
obscured the results. In addition, it requires importing sand (more than that required for 
scent-stations) into the areas and regular re-application as the sand would wash away after 
heavy rains or intense traffic. It was therefore not considered to be practical. 
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example, poison-baiting using sodium fluoroacetate (1080) is nndertaken annually in 
the region to reduce populations of the Fox and dog. There are two primary reasons 
for the control of these species within the EMA: 
1. There is a widespread belief by private landholders that native forests are a source 
of the dog that disperses from the forest onto cleared lands and kills livestock. 
Poison-baiting is undertaken on the behalf of private landholders by the Rural 
Lands Protection Board (Gavin Hillyer, Rural Lands Protection Board, pers. 
comm.). 
2. Predation by feral predators has been identified as a threatening process to rare 
and endangered native fanna in the Commonwealth's Environment Protection and 
Biodiversity Conservation Act 1999 and the NSW Threatened Species Conservation Act 
1995. To alleviate the threat, poison-baiting is routinely carried out by the State 
Forests of NSW and the NSW National Parks and Wildlife Service (Broome et al. 
1994). 
Two types of poison-baiting regimes were undertaken in the region during this study. 
These were 'free-baiting' and 'mound-baiting'. Both are carried out during winter to 
minimise the risk to non-target species such as goannas, that are active during warmer 
months. 
'Free-baiting' involves the random distribution of 230 g lumps of meat that have been 
injected with approximately 6 mg of 1080 (Gavin Hillyer, Rural Lands Protection 
Board, pers. comm.). 'Monnd-baiting' is conducted in two stages. Initially, 
unpoisoned bait (usually meat or a synthetic substitute such as "Foxoff" 11) is buried a 
few centimetres under sand which forms the mound. Animals that take nnpoisoned 
bait are identified by footprints (as with scent-stations). If non-target species, such as 
the spotted-tailed quoll, remove the bait, the station is abandoned. If the Cat, Fox or 
dog take the baits, unpoisoned bait is replaced with poisoned bait. This technique 
aims to minimise the risk to non-target species and also allows feral predator 
populations to be monitored before and after poison-baiting. 
No specific control of the Cat was undertaken in the EMA during the period of this 
study. However, the Cat may take poisoned baits meant for the Fox and dog. 
11 Applied Biotechnologies, Victoria. 
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4.2. METHODS 
4.2.1. SITE-SPECIFIC SPOTLIGHT SURVEYS 
One spotlight transect was established at each of the 15 sites in each area (see Chapter 
3) along a given road (Figure 4.2). Each spotlight transect was 2 km long, which 
sununed to 30 km per area. Spotlighting was undertaken every two months between 
May 1994 and January 1995 (Table 4.1). Each transect was surveyed five times. 
One hand-held spotlight was operated from the rear of a vehicle. Each area took two 
nights to survey. Each transect was surveyed at a pace not exceeding 10 km/hr and 
took approximately 20 minutes to complete. Surveys commenced at dusk and finished 
after approximately 6 hours. Approximately 50 hours of spotlighting were completed 
in this study. 
To ensure that differences in the number of animals detected in each area were not due 
to differences in detectability, the degree to which spotlights could penetrate the road-
side vegetation was determined at each site. This was done by gauging the distance 
light penetrated the road-side vegetation. Visibility estimates were classified as dense 
(S:: 5 m visibility), medium (5- 20 m visibility) and open(~ 20 m visibility). There were 
18 visibility estimates per transect. The percentage of dense, medium and open 
visibility estimates was then calculated for each area. Visibility estimates were 
determined every 250 m along each transect and on both sides of the road. 
Table 4.1 -Timing of surveys. X indicates the months when prior preparation for 
specific surveys was undertaken. Black squares indicate the months when surveys 
were undertaken. 
Month D J 
year '93 '94 
Scat Survey x 
Scent-stations x 
Hair-tubes x 
Spotlighting 
4.2.2. SCAT SURVEYS 
A 500 m scat transect was established at each of the 15 sites in each area (Figure 4.2). 
Scats were collected every two months for one year from February to December 1994 
(Table 4.1). Sample collection began in December 1993 when the majority of transects 
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was searched and cleared of scats. The remaining transects were cleared in February 
1994. 
For each survey, three people walked slowly along both sides and in the middle of 
each transect searching for scats. At least 20 minutes was required to collect scats at 
each site. A total of 55 hours was spent searching for scats in the study. 
A potential problem was that scats may decompose before sites were resurveyed. To 
examine the effect of season on scat decomposition, scats were left in the field at a 
number of sites within each area. Scats remained relatively intact and were 
identifiable after two months, regardless of season. As a result, scat decomposition 
was not considered to be a major problem in the study. 
It was also possible that scats could be crushed by vehicles using roads. The degree to 
which scats were crushed, and thus affected the results, was not known in this study. 
In several cases, although scats had been run-over they were still recognisable. It was 
assumed that the amount of traffic was similar across all the survey sites in the study 
region and that their effect on the number of scats was negligible. 
Scats were assigned as Cat, Fox or dog based on characteristics such as size, shape, 
smell and the size of semi-digested material (e.g., bone fragments; Table 4.2). They 
were then stored for subsequent dietary analysis (Chapter 6). Classification of the 
scats was verified during dietary analysis by the examination of grooming hairs. No 
Cat scats were found on roads in this study. Scats that could not be identified to 
species level were classified as dog/Fox. Ms. Barbara Triggsl2 analysed the hair in 
the scats. 
Table 4.2 - Characteristics of Cat, Fox and dog scats (Sources: Triggs et al. 1984; Triggs 
1989, 1997) 
Scat Species 
Characteristic Cat Fox Dog 
Diameter - 2-2.5 ems -~2cms - generally ::::: 1.8 ems 
Odour - distinctive strong - rank, pungent - acrid 
odour 
Other - often partially or - smell is the most - visible bone fragments 
wholly buried reliable identifying - tuft of hair at pointed 
- very small bone feature end 
fragments present - very little granular - large quantity of 
- large amount of fine material granular material 
powdery material - bone fragments smaller 
present than those of the dog 
12 Ms. Barbara Triggs is an expert in the identification of scats and mammal remains such as 
hair and bone (Triggs et al. 1984; Triggs 1989, 1997). 
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Variation in the number of scats collected during each sampling period was assumed 
to reflect changes in the number of animals at .each site. 
The mean number of scats collected from each area for each survey period was used as 
an index of relative abundance of the Fox and dog. The total number of scats collected 
for each survey period was not used because occasional disturbance from road 
maintenance activities (e.g., grading) may have influenced the results. 
Statistical Analysis Of Scat Data 
Paired t-tests were used to assess differences in the number of Fox and dog scats 
collected from each study area. Poisson regression analysis (McCullagh and Neldner 
1989) was then used to investigate whether there were significant differences in: (i) the 
temporal variation in the abundance of the Fox and dog between the escarpment and 
coastal areas; and (ii) the abundance of the Fox and dog within each area between 
surveys (i.e., between site differences). Poisson regression analysis was used as the 
data were counts (McCullagh and Neldner 1989). The Poisson model had the form: 
Response variable= constant+ area+ site+ month 
where the response variable was the number of either dog or Fox scats. 
Statistical analysis was conducted under the supervision of Mr. R. Cunningham and 
Ms. C. Donnelly of the Statistical Consulting Unit, the Graduate School, The 
Australian National University. 
4.2.3. SCENT-STATION SURVEYS 
One scent station was erected at each site on the road-side verge (Figure 4.2; Plate 
4.1). Placement of scent stations was random at each site. Scent-stations consisted of 
a mound of sand 1 min diameter with a star picket erected in the middle. 
Scent stations were operated for five consecutive nights every three months. They were 
deployed between March and December 1994 (Table 4.1). Four scent-station surveys 
were undertaken at each site. Scent stations were checked each day for signs of 
visitation, and species were identified from foot-prints. Mounds were smoothed and 
fresh scent was applied each day of the survey. Five minutes were required to check 
and re-set each scent-station. This amounted to approximately 50 hours of field 
inspections over the entire study. This does not include the time required to transport 
sand into the field and establish each station. 
Chapter 4: 95 
Scent stations were established several months prior to their use. This allowed feral 
predators to become accustomed to the stations and avoid the possibility of neo-
phobic behaviour towards them (Harris 1983; Thomson 1986). 
As the scent stations in this study were aimed at attracting the Cat, Fox and dog, the 
type of scent was carefully chosen. Eliciting an 'ingestive', or 'curious' response from 
predators was desirable (see Section 4.1.2). Therefore, a combination of conunercial 
tuna oil and beefstock was used. These choices were based on advice sought from 
experts in this field of study (e.g., Clive Marks, Keith Turnbull Research Institute, pers. 
comm. and Paul Meek, NSW National Parks and Wildlife Service, pers. conun.) and 
practical considerations such as the availability of products. Tuna oil (obtained from 
the Greenseas factory in Eden) was poured on the star picket in the middle of each 
station. A 20 m long-trail of beef stock was laid up, down and across the road from 
each station. However, no studies have explicitly tested the effectiveness of these 
odours for attracting feral predators in forest environments. 
Buried meat is often used as an attractant for predators. This medium was not 
considered appropriate for this study as meat baits are used in programs to control 
feral predators (Broome et al. 1994). It was possible that feral predators that had 
previously ingested poison-baits and survived may subsequently avoid these lures. By 
only using odours, scent stations differed from poison-bait stations. This may have 
increased the likelihood of surveying bait-shy individuals. 
The provision of food may alter the natural population dynamics of predators in the 
study areas. Animals may associate scent stations with food and therefore remain 
within the vicinity of a station to take advantage of this. This may inhibit other 
animals from investigating the stations. For example, the presence of the dog may 
deter the Cat and Fox from investigating a scent station (Christensen 1980a; Wilson et 
al. 1992; Pettigrew 1993; see Section 2.4). 
It was not possible to distinguish individual animals of a given species from the foot-
prints left at scent stations. Given this, data on foot-prints left by each species 
occurring at a given scent station during each survey were considered under two 
scenarios: 
1. The minimum number of individuals. This was taken as the number of sites that 
recorded the Cat, Fox and dog during a survey period. This assumed that prints 
from one species at one scent-station over consecutive nights during a survey period 
were from one individual. 
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2. The maximum number of individuals. This was taken as the total number of 
records (foot-prints) of the Cat, Fox and dog obtained at scent-stations during a 
survey period. This assumed that each foot-print recorded at a given scent station 
over consecutive nights during a survey period was a different individual. 
In both scenarios, foot-prints at different sites were assumed to be independent (i.e., 
from different individuals). 
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Plate 4.1 - Cat and dog prints left at scent-stations. 
a) Cat prints 
b) Dog prints 
Chapter 4: 98 
4.2.4. HAIR-TUBE SURVEYS 
A 500 m hair-tube transect was established at each of the 15 sites in each area (Plate 
4.2). Hair-tube transects were perpendicular to a road or followed a natural 
topographical feature such as a ridge or gully that was approximately at a right-angle 
to the road. Hair-tubes were positioned every 100 m for 500 m into adjacent unlogged 
forest (Figure 4.2). Tape in hair-tubes was removed and replaced every two months 
over a one-year period, from March 1994 to January 1995 (Table 4.1). A total of six 
hair-tube surveys was undertaken. 
Prior to the survey, several lures were trialed for their longevity in the field. Trial lures 
included commercial pet food, sardines and dried shrimp paste. Hair-tubes were 
placed in the field for three weeks. They were then recovered and the condition of the 
lures was investigated. It was found that dried shrimp paste had advantages over 
'wet' meat-based products, such as commercial pet food, as it retained a strong odour 
and remained physically stable. Wet, meat-based products were invariably found to 
be infested with maggots. Hair-tubes were subsequently baited with dried shrimp 
paste. 
Each hair-tube transect took approximately 20-40 minutes to complete, depending on 
the terrain and density of the vegetation. Tape removal and replacement took a 
further 15 minutes. Two days was required per area to collect and replace hair-tubes. 
Approximately 135 hours was spent collecting/replacing hair-tubes and 
removing/replacing tape. 
Hair-samples were sent to Ms. B. Triggs for identification. Hair identifications were 
divided into two categories: 'definite' and 'probable'. Results from hair-tubes were 
considered under two assumptions: 
1. The minimum number of individuals. This included only definite identifications 
and assumed that records from one or more hair-tubes on a transect were from the 
same individual. 
2. The maximum number of individuals. This included the number of definite and 
probable hair identifications and assumed that records from more than one hair-
tube on a transect were from different individuals. 
Because of the possibility that discrete populations may utilise roads and areas up to 
500 m (edge habitat) from a road, the results were analysed under two scenarios. The 
first considered only the results from each hair-tube that was placed on the road at 
each site (n = 30 tubes). Detection's from hair-tubes placed away from roads were not 
considered in this scenario. This reduced the possibility of sampling more than one 
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population (i.e., populations in the vicinity of roads and up to 500 m from a road) and 
thus ensured comparability with the results from other survey methods. 
The second scenario considered the results from all hair-tubes (i.e., 6 tubes / transect; n 
= 180 tubes in total). It was assumed that hair-tubes placed away from roads were 
sampling the same population as the other road-based surveys (i.e., spotlight surveys, 
scat survey and scent-stations). 
Figure 4.2 - Typical site layout showing the location of the hair-tube transect in relation 
to the road, scat and spotlight survey transects, and placement of scent-stations. 
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Plate 4.2 - A cat investigating a hair-tube. 
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4.2.5. THE EFFICACY OF POISON-BAITING FOR THE CONTROL OF THE FOX AND 
DOG 
The results of scat surveys enabled an exploratory investigation of the efficacy of 
poison-baiting for controlling populations of the Fox and dog. Only the Fox and dog 
were considered as no data on the Cat were obtained during scat surveys. 
A total of 13 sites was baited during the study; nine in the escarpment area (i.e., Wag 
Way I, Wog Way II, Rayners, Dragon Swamp, Packers Swamp I, Packers Swamp II, 
Fastigata, Fraxinoides and Bemboka River) and four in the coastal area (i.e., Dulin, 
Leo's Creek, Causeway and Dobbyns). 'Free-baiting' occurred in the northern sites of 
the escarpment area. 'Mound-baiting' occurred in the coastal area and at three of the 
most southerly sites of the escarpment area. Sites located more than 3 km from areas 
where baits were laid were treated as control sites (i.e., Mines, Waratah, New Trig, 
Tantawangalo Mountain, New Line, Solomons, Goanna, Burrawang, Mustering 
Ground, Dulin, Myrrail, Nullica, Mitchell's Creek, Old Hut, Sugarloaf, Predator and 
Kingfisher). 
Poison-baiting occurred immediately following the June survey for scats. Thus, the pre-
baiting period (period 1) was considered to be February, April and June and the post-
baiting period (period 2) was August, October and December. The number of scats 
collected at each site for each survey period is given in Appendix 3. 
To investigate the interaction between survey period and the abundance of the Fox and 
dog at sites (i.e., the average number of scats at each site for each period) an 
unbalanced analysis of variance model was used where the design structure 
incorporated both random and fixed effects. The random effects were area, sites 
within areas and time of year. Fixed effects were the control sites (i.e., where no 
baiting occurred) and treated sites (i.e., where baiting occurred). The effect of poison-
baiting was considered for: (i) canid scats (i.e., combined dog and Fox scats); (ii) dog 
scats only; and (iii) Fox scats only. 
Statistical analysis of the data was performed with guidance and assistance from Mr. 
Ross Cunningham and Ms. Christine Donnelly of the Statistical Consulting Unit, the 
Graduate School, The Australian National University. 
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4.3. RESULTS 
4.3.1. SPOTLIGHT SURVEYS 
The dog was not detected and only a few observations of the Cat and Fox were made 
during spotlight surveys (Table 4.3). Data were insufficient for statistical analyses. 
Table 4.3 - Sununary of the spotlight survey effort (Fe = Cat; Vv = Fox; Cf = dog; E = 
escarpment; C = coastal) 
No.of Length of road Total length of 
spotlight No.of surveyed per road surveyed No.of 
Area transects surveys survey period (km) (km) observations Total 
Fe Vv Cf 
E 15 5 30 150 2 1 0 3 
c 15 5 30 150 2 2 0 4 
Total 30 5 60 300 4 3 0 7 
Visibility 
Spotlight visibility estimates in each area were similar: 56%, 38% and 6% of visibility 
estimates in the coastal area were classified as dense, medium and open, respectively; 
and 54%, 40% and 6% of visibility estimates in the escarpment area were dense, 
medium and open, respectively. Thirteen (87%) transects in the escarpment area and 
14 (93%) of transects in the coastal area had dense road-side vegetation. Eleven 
(73%) transects in the escarpment area and 13 (87%) of transects in the coastal area 
had medium-density road-side vegetation. Three (20%) transects in each area had 
open road-side vegetation. No transects in either area were completely characterised 
by open road-side vegetation. Three transects in the escarpment area and two in the 
coastal area were dominated by dense road-side vegetation. 
In general, transects were characterised by a combination of dense, medium and open 
road-side vegetation. These results suggested that the difference in the number of 
animals detected in each area was not due to differences in the ability to detect 
animals by spotlighting. 
4.3.2. SCAT SURVEYS 
The Fox and dog were detected by scat surveys. No scats of the Cat were found 
during scat surveys. Therefore, the Cat could not be considered in the analyses. 
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The Number Of Sites Where Fox And Dog Scats Were Detected (In The Coastal And 
Escarpment Areas) 
Dog scats were detected on 100% of sites. Fox scats were detected on 80% and 87% 
of sites in the coastal and escarpment area, respectively. 
Temporal Variation In The Number Of Sites Where Fox And Dog Scats Were Detected (In 
The Coastal And Escarpment Areas) 
Figure 4.3 shows the proportion of sites within each area with at least one dog or Fox 
scat during each sampling period. Dog scats were present on more than 60% of sites 
within each area. Fox scats were present on fewer sites compared to those of the dog, 
particularly in the escarpment area. The number of sites where Fox scats were found 
declined steadily over the study, in the escarpment area. In the coastal area, the 
number of sites where Fox scats were found increased from April to June and were 
present on at least 50% of coastal sites for the remainder of the study. 
The Relative Abundance Of Feral Predators As Inferred From Scat Surveys 
A total of 662 scats was collected; 496 dog scats, 154 Fox scats and 12 scats 
classified as dog/Fox (Table 4.4). Appendix 3 provides information on the number of 
dog and Fox scats collected at each site during each survey. 
The ratio of dog to Fox scats in the escarpment area was 5.7:1 and in the coastal area 
2.4:1. In both areas, significantly more dog scats were collected than Fox scats (paired 
t-test; P = <0.0001). Significantly more Fox scats were collected in the coastal area 
(paired t-test; P = 0.0013). There was no significant difference between the number of 
dog scats collected from each area (paired t-test; P = 0.3046). Table 4.5 summarises 
these results. 
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Figure 4.3 - The proportion of sites with ~ 1 dog or Fox scat in the escarpment and 
coastal area for each sampling period. 
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Table 4.4- Summary of the scat survey effort. The number of sites where Fox or dog 
scats were found and the number of scats collected in the escarpment and coastal area 
is shown. The number in parentheses indicates the p ercentage of the total number of 
sites where these sp ecies were found. (Cf = dog; Vv = Fox; E = escarpment; C = 
coastal). 
No. of Total Total 
No. of swvey No. of length of No. of s ites Total no. of 
Area transects periods surveys* road (km) with records scats Total 
Cf Vv Cf Vv 
E 15 6 77 38.5 15 12 215 38 253 
(100) (80) 
c 15 6 82 41 15 13 281 116 397 
(100) (87) 
Total 30 6 159 79.5 30 25 496 154 650 
(100) (83) 
*Some transects were not surveyed in some months due to local disturbance (e.g., road grading) 
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Table 4.5 - Comparison of the number of dog and Fox scats in the escarpment and 
coastal area using paired t-tests. (*indicates significant differences). 
Comparison P values 
Escarpment dog vs Escarpment Fox 0.0001 * 
Coastal dog vs Coastal Fox 0.0001 * 
Coastal Fox vs Escarpment Fox 0.0013* 
Coastal dog vs Escarpment dog 0.3046 
Temporal Variation In The Relative Abundance Of The Fox And Dog (In The Coastal And 
Escarpment Areas)- Poisson Regression Analysis 
The number of scats found at a given site ranged from 0-14 for the dog and 0-9 for the 
Fox. The mean number of dog scats for each survey period ranged from approximately 
1.9-4 and 2.3-4.9 in the escarpment and coastal areas, respectively (Table 4.6). The 
mean number of Fox scats for each survey period ranged from 0.2-1.2 and 0.5-2.4 in 
escarpment and coastal area, respectively (Table 4.6). 
Poisson regression analysis was used to determine whether there was temporal 
variation in the number of Fox and dog scats in each area and site (Table 4.7). The 
degree of variation in the number of dog and Fox scats within each area and for each 
survey is illustrated in Figure 4.4. The regression model is given in Table 4.7. 
Estimates for the regression co-efficients are presented in Table 4.8. 
There were significant differences in the number of Fox and dog scats at sites (P < 
0.001 for the dog and Fox, respectively; Table 4.7) and between survey periods (P = 
0.047 and P < 0.002 for the dog and Fox, respectively; Table 4.7). Predictions from 
the final regression models are given in Figures 4.5 and 4.6. 
In the escarpment area, relatively high numbers of dog scats were found at Wog Way I 
site and low numbers were found for New Line and Fastigata sites (Figure 4.5 a). In 
the coastal area, relatively high numbers of dog scats were found at Dobbyns and 
Kingfisher sites and low numbers were found for Leo's Creek site (Figure 4.5 a). The 
model predicted relatively more dog scats during June and August compared with 
other months (Figure 4.6 a). 
The model showed relatively high numbers of Fox scats in the coastal area generally, 
particularly at Causeway and Dobbyns sites (Figure 4.5 b). The model also showed 
relatively greater numbers of Fox scats during the month of February in the escarpment 
area and June in the Coastal area (Figure 4.6 b ). 
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Table 4.6 - The mean number of dog and Fox scats collected from escarpment and 
coastal areas for each survey period. (se =standard error). 
Survey Period Dog Fox 
Escarpment Coastal Escarpment Coastal 
x se x se x se x se 
Jan.-Feb. 4 1.41 3.5 1.72 1.22 0.40 0.5 0.33 
Mar.-Apr. 1.86 0.55 2.27 0.41 0.43 0.17 0.8 0.35 
May-Jun. 4.1 0.72 3.93 0.70 0.5 0.23 2.43 0.75 
Jul.-Aug. 2.1 0.42 4.93 0.83 0.6 0.32 1.87 0.65 
Sept.-Oct. 2.2 1.04 2.8 0.80 0.25 0.13 1.4 0.49 
Nov.-Dec. 3 0.88 3.2 0.55 0.15 0.1 1.13 0.47 
Total 2.79 0.33 3.37 0.33 0.49 0.1 1.41 0.23 
Table 4.7 - The significance of potential explanatory variables in the final model for the 
number of dog and Fox scats. Variables were added sequentially. (df =degrees of 
freedom). 
a) Dog scats 
Test df Deviance Mean Deviance p 
deviance ratio 
+site 29 151.889 5.238 2.62 < 0.001 
+month 5 23.169 4.634 2.32 0.047 
-site -29 -150.203 5.179 2.59 < 0.001 
Residual 124 253.232 2.042 
Total 158 428.290 2.71 1 
b) Fox scats 
Variable df Deviance Mean Deviance p 
deviance ratio 
+domain 1 37.546 37.546 37.55 < 0.001 
+domain.site 28 133.979 4.785 4.78 < 0.001 
+month 5 20.502 4.100 4.10 < 0.002 
+domain.month 5 18.631 3.726 3.73 < 0.004 
Residual 118 147.482 1.250 
Total 157 358.140 2.281 
Chapter 4: 107 
Table 4.8 - Dog and Fox scats for each survey period - estimates of regression 
coefficients. 
a) Fox scats 
Estimate of se t(*) 
Regression 
Coefficients 
Constant -2.35 1.04 -2.26 
Escarpment 1.79 1.21 1.47 
Coastal .site Burrawang 1.33 1.12 1.19 
Coastal .site Causeway 2.89 1.03 2.81 
Coastal .site Dobbyns 3.44 1.03 3.35 
Coastal .site Dragon Swamp 0 * * 
Coastal .site Dulin -7.8 29.6 -0.26 
Coastal .site Fastigata 0 .. * 
Coastal . site Fraxinoides 0 * * 
Coastal .site Goarma 1.49 1.16 1.29 
Coastal .site Gree 2.3 1.05 2.2 
Coastal .site Kingfisher 2.66 1.03 2.57 
Coastal .site Leo's Creek 1.33 1.12 1.19 
Coastal .site Mines 0 * * 
Coastal .site Mitchell's Creek 2.84 1.03 2.76 
Coastal .site Mustering Ground -7.8 29.6 -0.26 
Coastal .site Myrrail 2.3 1.05 2.2 
Coastal .site New Line 0 .. * 
Coastal .site New Trig 0 * * 
Coastal .site Nullica 1.39 1.12 1.24 
Coastal .site Old Hut 2.08 1.06 1.96 
Coastal .site Packers Swamp I 0 * * 
Coastal .site Packers Swamp II 0 * * 
Coastal .site Predator -8 33.2 -0.24 
Coastal .site Rayners 0 * * 
Coastal .site Solomons 0 * .. 
Coastal . site Sugarloaf 0 * .. 
Coastal . site Tantawangalo Mountain 0 .. * 
Coastal . site Waratah 0 * .. 
Coastal .site Wog Way I 0 * * 
Coastal .site Wog Way II 0 * * 
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Table 4.8 cont... 
a) Fox scats cont... 
Estimate of se t(*) 
Regression 
Coefficients 
Escarpment .site Burrawang 0 * * 
Escarpment .site Causeway 0 * * 
Escarpment .site Dobbyns 0 * * 
Escarpment .site Dragon Swamp 0.667 0.63 1.06 
Escarpment .site Dulin 0 * * 
Escarpment .site Fastigata -0.71 1.13 -0.62 
Escarpment .site Fraxinoides 0.169 0.711 0.24 
Escarpment .site Goanna 0 * * 
Escarpment .site Gree 0 * * 
Escarpment .site Kingfisher 0 * * 
Escarpment .site Leo's Creek 0 * * 
Escarpment .site Mines -0.97 1.13 -0.87 
Escarpment .site Mitchell's Creek 0 * * 
Escarpment .site Mustering Ground 0 * * 
Escarpment .site Myrrail 0 * * 
Escarpment .site New Line -9 37.7 -0.24 
Escarpment .site New Trig -1.39 1.12 -0.24 
Escarpment .site Nullica 0 * * 
Escarpment .site Old Hut 0 * * 
Escarpment .site Packers Swamp I 0.00 0.707 0.00 
Escarpment .site Packers Swamp II 0.413 0.719 0.57 
Escarpment .site Predator 0 * * 
Escarpment .site Rayners -9 33.8 -0.27 
Escarpment .site Solomons 0.00 0.707 0.00 
Escarpment .site Sugarloaf 0 * * 
Escarpment .site Tantawangalo -0.73 1.13 -0.65 
Mountain 
Escarpment .site Waratah -0.288 0.764 -0.38 
Escarpment .site Wog Way I -0.288 0.764 -0.38 
Escarpment .site Wog Way II -1.39 1.12 -1.24 
August 0.847 0.345 2.46 
December 0.348 0.377 0.92 
February -0.577 0.583 -0.99 
June 1.374 0.343 4.01 
October 0.56 0.362 1.55 
Escarpment .month August -0.487 0.632 -0.77 
Escarpment .month December -1.326 0.904 -1.47 
Escarpment .month February 1.44 0 .78 1.85 
Escarpment .month June -1 .265 0.655 -1.93 
Escarpment .month October -0.897 0.86 -1.11 
NB: Standard errors are based on dispersion parameter with value 1 
Table 4.8 cont ... 
b) Dog scats 
Constant 
Burrawang 
Causeway 
Dobbyns 
Dragon Swamp 
Dulin 
Fastigata 
Fraxinoides 
Goanna 
Gree 
Kingfisher 
Leo's Creek 
Mines 
Mitchell's Creek 
Mustering Ground 
Myrrail 
New Line 
New Trig 
Nullica 
Old Hut 
Packers Swamp I 
Packers Swamp II 
Predator 
Rayners 
Solomons 
Sugarloaf 
Tantawangalo 
Mountain 
Waratah 
Wog Way I 
Wog Way II 
August 
December 
February 
June 
October 
Estimate of se t(*) 
Regression 
Coefficients 
-0.099 0.529 -0.19 
0.486 0.635 0.76 
1.351 0.575 2.35 
1.634 0.546 2.99 
0.14 0.707 0.2 
1.216 0.569 2.14 
-0.317 0.959 -0.33 
0.215 0.733 0.29 
0.236 0.708 0.33 
0.617 0.646 0.96 
1.476 0.554 2.66 
-0.47 0.806 -0.58 
0.53 0.658 0.81 
1.012 0.583 1.73 
0.118 0.687 0.17 
1.223 0.585 2.09 
-0.87 1.12 -0.78 
1.179 0.571 2.06 
1.177 0.588 2 
0.697 0.636 1.1 
0.223 0.671 0.33 
0.435 0.672 0.65 
1.023 , 0.602 1.7 
0.212 0.708 0.3 
1.216 0.569 2.14 
0.435 0.671 0.65 
0.768 0.647 1.19 
1.139 0.574 1.98 
1.658 0.545 3.04 
0.693 0.612 1.13 
0.528 0.229 2.3 
0.369 0.238 1.55 
0.522 0.259 2.01 
0.617 0.227 2.72 
0.14 0.251 0.56 
Standard errors are based on dispersion parameter with value 2 
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Figure 4.4 - Box plots of dog and Fox scat data in escarpment and coastal areas. 
n = number of sites surveyed for each period. 
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Figure 4.5 - Predictions from a Poisson regression model of the number of dog and fox scats at sites with upper and lower limits of 95% 
confidence interval. The predictions were calculated using Bemboka site at a fixed level. (P = 0.001) 
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Figure 4.5 cont... 
b) Fox 
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Figure 4.6- Predictions from Poisson regression analysis of the number of dog and Fox 
scats for each survey period with upper and lower limits of 95% confidence interval. 
The predictions were calculated using the month of April at a fixed level. 
a) Predictions of the number of dog scats for each survey period (fixed at Bemboka 
site) (P = 0.047) 
5 
2 
~ 
~ 4 
bO 
.g 3 
...... 
0 
@ 2 
s 
;::l 
z 
1 
0 
Feb Apr Jun Aug Oct Dec 
Month 
b) Predictions of the number of Fox scats for each survey period (fixed at Bemboka 
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4.3.3. SCENT-STATION SURVEYS 
Scent-stations detected the Cat,Fox and dog. In total, 19 Cat prints, 22 dog prints 
and three Fox prints were recorded. Table 4.9 provides a summary of scent-station 
survey effort and the results. 
Table 4.9 - Summary of the scent-station survey effort. Also shown is success rate in 
terms of the number of sites and scent-stations where feral predators were detected. 
The numbers in parentheses indicate the percentage of the total number of sites or 
scent-station nights. (Fe= Cat; Cf= dog; Vv =Fox; E =escarpment; C =coastal). 
No. Total 
scent- no.of 
No. No. No. station scent-
scent- of nights/ nights/ station No. of sites with No. of predator 
Area stations surveys survey survey nights records footprints 
Fe Cf Vv Fe Cf Vv 
E 15 4 5 75 300 9 4 0 13 11 0 
(60) (27) (0) (4.3) (3.7) (0) 
c 15 4 5 75 300 6 5 2 6 11 3 
(40) (33) (13) (2) (3.7) (1) 
Total 30 4 5 150 600 15 9 2 19 22 3 
(50) (30) (6.7) (3.1) (3.7) (0.5) 
The Number Of Sites Where The Cat, Fox And Dog Were Detected In The Coastal And 
Escarpment Areas - Minimum Number Of Individuals 
The Cat was recorded at nine and six sites in the escarpment and coastal area, 
respectively. The dog was recorded at four and five sites in the escarpment and 
coastal areas, respectively. The Fox was only recorded at two sites in the coastal area 
(Table 4.9). The paucity of data for the Fox precluded its inclusion in statistical 
analyses. 
The Number Of Sites Where The Cat, Fox And Dog Were Detected During Each Survey In 
The Coastal And Escarpment Areas -Minimum Number Of Individuals 
In each area, the Cat was recorded at fewer than 10 sites during any survey period 
(Figure 4.7 a). The number of sites where the Cat was recorded declined over the 
period of the study. In each area, the number of sites where the dog was recorded 
during any survey period was less than five (Figure 4.7 b). The dog was recorded at a 
greater number of sites in the coastal area during all survey periods except December 
(Figure 4.7 b). 
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The Cat was recorded at more sites than the dog during March and June in the 
escarpment area (Figures 4.7 a and 4.7 b ). In the coastal area, the Cat was recorded at 
more sites than the dog during March only. The dog was recorded at more sites in the 
coastal area following the March survey except in December (Figure 4.7 b ). 
Numbers Of The Cat and Dog Detected At Scent-Stations - Maximum Number Of 
Individuals 
Although the Cat was detected at a greater number of sites (n = 15) than the dog (n = 
9), the maximum number of records of the dog (n = 22) was slightly greater than the 
number of records of the Cat (n = 19; Table 4.9). 
Numbers Of The Cat and Dog Detected During Each Survey Period From Coastal And 
Escarpment Areas - Maximum Number Of Individuals 
The number of records obtained from scent-stations was limited, hence it was 
inappropriate to perform statistical tests. However, a brief description of the data is 
given below. 
The maximum number of records of the Cat from scent-stations was highest in the 
escarpment area in all survey periods except December (Figure 4.8 a). The figures for 
the maximum and minimum number of records of the Cat was similar. This was 
because Cat prints were not usually found at a given scent-station over consecutive 
nights (Figure 4.7 a and 4.8 a). 
Values for the maximum number of records of the dog from scent-stations was highest 
during September in the coastal area and December in the escarpment area (Figure 4.8 
b). 
In the escarpment area, the maximum number of records of the Cat was greater than 
the maximum number of records of the dog during the March and June surveys and less 
during the December survey (Figure 4.8 a and 4.8 b). 
The maximum number of records of the Cat was greater than the maximum number of 
records of the dog during the March survey of the coastal area. More records of the 
dog than the Cat were obtained during the June and September surveys (Figure 4.8 a 
and 4.8 b). One Cat and one dog were recorded during the December survey in the 
coastal area. 
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Figure 4.7 - The minimum number of records of the Cat and dog obtained by scent-
stations in each area for each survey period. 
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Figure 4.8 - The maximum number of records of the Cat and dog obtained by scent-
stations in each area for each survey period. 
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4.3.4. HAIR-TUBE SURVEYS 
Scenario 1-The Number Of Sites Where The Cat, Fox And Dog Were Detected By Hair-
Tubes Placed On Roads Only 
Hair-tubes detected the Cat and dog but not the Fox. The Cat was recorded once in 
the escarpment and coastal area. The dog was recorded from five sites; three in the 
coastal area and two in the escarpment area. The number of hair-tubes where the Cat 
and dog were recorded was similar to the number of sites where they were recorded. 
This was because they were generally only recorded once from a hair-tube. Table 4.10 
summarises the results. The small number of records precluded statistical analysis. 
In both areas, the Cat was only recorded from hair-tubes on roads during July. 
In the coastal area, the dog was recorded from hair-tubes during July at two sites and 
during November at one site. In the escarpment area, the dog was recorded during 
September and January at one site. 
Table 4.10 - Summary of the hair-tube survey effort- Scenario 1. The table shows the 
number of transects and hair-tubes where animals were detected (the number in 
parentheses indicates the percentage this represents of the total number of 
tubes/transects) . Data represent both definite and probable identifications. (C = 
coastal; E = escarpment; Fe = Cat; Cf = dog; Vv = Fox). 
No.of No. of transects/sites No. of hair-tubes where 
No.of No.of hair- where the Cat, Fox and the Cat, Fox and dog were 
Area sites surveys tubes dog were recorded recorded 
Fe Cf Vv Fe Cf Vv 
c 15 6 90 1 3 0 1 3 0 
(7) (20) (0) (1.1) (3.2) (0) 
E 15 6 86* 1 2 0 1 3 0 
(7) (13) (0) (1.1) (3.2) (0) 
Total 30 6 176 2 5 0 2 6 0 
(7) (17) (0) (1.1) (3.2) (0) 
*Two transects in the esca ment area were discontinued after lo in occurred at these sites. These sites rp gg g 
were surveyed 4 times as opposed to 6 times for the other sites. 
Scenario 2 - The Number Of Sites Where The Cat, Fox And Dog Were Detected By All 
Hair-Tubes 
Analysis in Scenario 2 used data from all of the hair-tubes employed in the study (i.e., 
hair-tubes on roads and up to 500 m away from roads inclusively). 
More records of the Cat and dog were obtained when the results from all hair-tubes 
were pooled. Nevertheless, the overall percentage of hair-tubes that detected feral 
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predators was low (Table 4.11). Approximately 2% and 3% of all hair-tubes detected 
the Cat and dog, respectively. 
Table 4.11 - Summary of the hair-tube survey effort - Scenario 2. The table shows the 
number of transects and hair-tubes where animals were detected (the number in 
parentheses indicates the percentage this represents of the total number of 
tubes/transects). Data represent both definite and probable identifications. (C = 
coastal, E =escarpment, Fe= Cat, Cf= dog, Vv =Fox). 
No.of No.of No. of hair-tubes 
hair- No.of transects/sites where the Cat, Fox 
No. of No. of tubes/ hair- where the Cat, Fox and dog were 
Area transects surveys transect tubes and dog were recorded 
recorded 
Fe Cf Vv Fe Cf Vv 
c 15 6 6 540 10 8 0 15 21 0 
(67) (53) (0) {2.7) (3.8) (0) 
E 15* 6 6 516* 4 7 0 5 13 0 
(27) (47) (O) (1) (2.5) (0) 
Total 30 6 6 1056 14 15 0 20 34 0 
(47) (50) (0) (1.9) (3.2) (0) 
"Two transects in the escar ment area were discontinued after lo in occurred at these sites. p g g 
Consequently these sites were surveyed 4 times as opposed to 6 times for the other sites. 
Scenario 2 - The Number Of Sites Where The Cat And Dog Were Detected In The Coastal 
And Escarpment Areas 
The Cat was detected at more sites in the coastal area than the escarpment area (Table 
4.11). The dog was detected at a similar number of sites in both areas (Table 4.11). 
Scenario 2 - The Number Of Sites Where The Cat And Dog Were Detected For Each Survey 
Period In The Coastal And Escarpment Areas 
In the coastal area, the Cat was not detected by hair-tubes during September, 
November and January. However, it was detected at two sites during March, three 
sites in May, and six sites in July (Figure 4.9 a). In the escarpment area, the Cat was 
detected by hair-tubes only in July. Hair-tubes detected the Cat only once at each site 
during the study. 
In the coastal area, the dog was not detected by hair-tubes during March or January. 
The dog was detected at one site during May, four sites during September and 
November, and five sites during July (Figure 4.10 a). In the escarpment area, the dog 
was not detected during July and November. It was detected at one site during 
January and three sites during March, May and September (Figure 4.10 b). 
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Scenario 2 - The Relative Abundance Of The Cat And Dog In The Coastal And Escarpment 
Area As Inferred From Hair-Tube Surveys 
More records of the Cat and dog were obtained in the coastal area than the 
escarpment area (Table 4.11). However, these differences were not significant (paired 
t-test; P = 0.1, P = 0.3 for the Cat and dog, respectively). 
Scenario 2 - Temporal Variation In The Relative Abundance Of The Cat And Dog From 
Coastal And Escarpment Areas 
The trend in the number of records obtained over the study was similar for the 
maximum and minimum numbers of the Cat and dog (Figure 4.11 and Figure 4.12). 
' There was some variation in numbers of the Cat detected over the period of the study 
in both areas. The Cat was detected only in July in the escarpment area. In the coastal 
area, the Cat was detected from February through to July, again with a peak in July. 
The Cat was not detected after July in either area (Figure 4.11 a and Figure 4.12 a). 
Similarly, more records of the dog were obtained during the winter months in the 
coastal (May-September) and escarpment area (July-September; Figure 4.11 band 
Figure 4.12 b). The dog was detected by hair-tubes throughout the year (Figure 4.11 b 
and Figure 4.12 b). 
The limited number of records for each survey precluded statistical analyses of the 
data. 
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Figure 4.9 - The number of sites (n = 15 sites) where the Cat was detected by hair-
tubes for each survey period in the coastal and escarpment areas. NB: The results 
from all of the hair-tubes are presented. 
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Figure 4.10 -The number of sites (n = 15 sites) where the dog was detected by hair-
tubes for each survey in the coastal and escarpment areas. NB: The results from all of 
the hair-tubes are presented. 
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Figure 4.11 - The maximum numbers of the Cat and dog recorded by hair-tubes (n = 
1056 hair-tubes) for each survey period in escarpment and coastal areas (i.e., definite 
and probable records). NB: The results from all of the hair-tubes are presented. 
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Figure 4.12 -The minimum numbers of the Cat and dog recorded from hair-tubes (n = 
1056) for each survey period from escarpment and coastal areas (i.e., definite records 
only). NB: The results from all of the hair-tubes are presented . 
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Other Species Detected By Hair-Tube Surveys 
Although the bait was meat-based, many primarily herbivorous species were detected 
by hair-tubes (Table 4.12). Species other than the Cat and dog that were recorded by 
hair-tubes included brushtail possums, the Bush Rat, Swamp Wallaby, Common 
Wombat, Black Rat Rattus rattus, Cow, Rabbit and one Spotted-tailed Quoll. 
Antechinus spp. and Macropus spp. also were detected. However, these hairs could not 
be identified to the species level (Table 4.12). 
The Number Of Sites Where Species Other Than The Cat And Dog Were Detected In The 
Escarpment And Coastal Areas 
The most widespread species (as indicated by the number of sites where species were 
detected) in both areas were Rattus spp. (n = 19), the Bush Rat (n = 19), brushtail 
possums (the Common Brushtail Possum and Mountain Brushtail Possum Trichosurus 
caninus; n = 14), Swamp Wallaby (n = 10) and Common Wombat (n = 7) (Table 4.12). 
The Number Of Records Of Species Other Than The Cat And Dog Detected By Hair-Tube 
Surveys 
The most frequently recorded species in hair-tubes, excluding the Cat and dog, in both 
areas were rats (especially Bush Rats; n = 27), brushtail possums (n = 17), the Swamp 
Wallaby (n = 15) and Common Wombat (n = 8) (Table 4.12). 
Table 4.12 - Mammal species recorded in the escarpment and coastal areas using hair-
tubes. The number of tubes that contained hair from each taxon and the percentage 
that this represents of the total number of tubes is indicated. The number of sites 
where species were recorded is shown as the percentage of the total number of sites. 
Figures indicate the definite and probable identifications. (E =escarpment; C = 
coastal). 
Hair-tubes Sites 
E c T E c T 
Species No % No % No % No % No % No % 
Dog 13 2.5 21 3.8 34 3.2 7 47 8 53 15 50 
Cat 5 1 15 2.7 20 1.9 4 27 10 67 14 47 
Brushtail possums 17 3.2 12 2.2 29 2.7 7 47 7 47 14 47 
Rattus spp. indeterminate 15 2.9 7 1.3 22 2.1 9 60 10 67 19 63.5 
Bush Rat 12 2.3 21 3.8 33 3.0 9 60 10 67 19 63.5 
Swamp Wallaby 15 2.9 4 0.7 19 1.8 7 47 3 20 10 33.5 
Common Wombat 4 0.8 4 0.7 8 0.8 2 13 5 33 7 23 
Antechinus spp. 1 0.2 0 0 1 0.1 2 13 0 0 2 6.5 
Macropus spp. 0 0 1 0.2 1 0.1 0 0 1 6.7 1 3.35 
Black Rat 0 0 2 0.4 2 0.2 0 0 2 13 2 6.5 
Spotted-tailed Quoll* 1 0.2 0 0 1 0.1 1 6.7 0 0 1 3.35 
Cow 0 0 2 0.4 2 0.2 0 0 2 13 2 6.5 
Rabbit 1 0.2 0 0 1 0.1 1 6.7 0 0 1 3.35 
No. successful tubes/ transects 84 16.2 89 16.5 173 16.4 15 100 15 100 30 100 
Total no. of tubes/ transects laid 1056 176 
.. 
*this record was a probable identification only 
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4.3.5. COMPARISON BETWEEN TECHNIQUES FOR DETECTING THE CAT, FOX AND 
DOG 
The survey techniques differed in their ability to detect the Cat, Fox and dog (Table 
4.13). No single technique was effective for detecting all three species. For example, 
scat surveys did not detect the Cat (Table 4.13). 
Chi-squared tests were used to determine whether there were significant differences 
between the number of sites where the Cat, Fox and dog were detected using different 
survey methods. As only two categories were tested at any one time (i.e., one degree 
of freedom), the Yates' Correction for Continuity was performed (Fowler and Cohen 
1990). This involved subtracting 0.5 from the numerator of each component of the 
Chi-square formula before squaring (Fowler and Cohen 1990). 
The Number Of Sites Where The Cat Was Detected By Scent-Stations And Hair-Tubes 
Although there was some discrepancy in the number of sites where the Cat was 
detected using hair-tubes and scent-stations in each area (Table 4.13), these 
differences were not significant (P > 0.05; Table 4.14). 
The Number of Sites Where The Dog Was Detected by Scat Surveys, Scent-stations and Hair-
tubes 
Table 4.15 gives the results of Chi-square tests comparing the number of sites where 
the dog was detected in each area - and overall - using each technique. Hair-tubes 
and scent-stations performed equally well in both areas (P < 0.05; Table 4.15). 
However, scat surveys detected the dog on significantly more sites than scent-stations 
and hair-tubes (P < 0.05). Within each area, scat surveys did not detect the dog on 
significantly more sites compared to hair-tubes (P > 0.05 for the coastal and 
escarpment area; Table 4.15). 
The Number Of Sites Where The Fox Was Detected By Scat Surveys And Scent-Stations 
The Fox was detected on significantly more sites by scat surveys than scent-stations 
(Table 4.16). 
Table 4.13 -The success of different techniques employed in the study for detecting feral predators in escarpment and coastal areas. 
Key: Fe =Cat; ~f = dog; Vv = Fox; * includes probable and definite records;~ = where the Cat and dog were detected from hair-tubes placed on 
roads (i.e., Scenario 1). 
a) Coastal' area 
...... -----------------------=---~0-.... ...... ------~~~==============~·=-=-=--==--·==-=-=-====~·=-=-=·=--=="--===~=-==·=-======~===-==--" 
Method 
Hair-tubes* Scats Scent-stations 
Site Fe Cf Vv Fe Cf Vv Fe Cf Vv 
--- ,-x x ------..... 
=I= -·-; --i---Kingfisher Dobbyns I Causeway 
Gree 
Predator 
Sugarloaf 
Old Hut 
Mitchell's Creek 
Nullica 
Myrrail 
Leo's Creek 
Dulin 
Mustering Ground 
Burrawang 
Goanna 
No. and (%)of sites with Fe, Vv and Cf 
detections 
I x -
x -
x 
x 
x 
x 
x 
x 
10 
(67) 
x 
25. 
x 
x 
x 
8 
(53) 
=I= 
_ I _ 
0 
(0) 
0 
(0) 
x 
x 
x 
x 
x I -
x I - -
x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x x 
x x 
15 12 
(100) (80) 
x 
x 
x 
x 
x 
6 
(40) 
x -
x x 
x 
x 
x 
5 
(33) 
x 
2 
(13) 
Spotlighting 
Fe CF Vv 
x -
x 
2 
(13) 
0 
(0) 
_I 
-- I 
- 1 
=1 
=I 
x 
x 
2 
(13) 
Total 
Fe Cf 
---- .... ·-- · 
- x 
x x 
- x 
x x 
x x 
x x 
x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Vv j 
~·- 1 
x I 
x I 
x I 
_l 
x 
x 
x 
x 
x 
x 
x x x 
x 
11 
(73) 
x x 
15 12 
(100) (80) 
Table 4.13 cont... 
• 
b) Escarpment area 
Method T=l Hair-tubes* Scats Scent-stations l Spotlighting Site Fe Cf Vv Fe Cf Vv Fe Cf Vv Fe Cf Vv Fe Cf Vv 
·-- -·---
- .... --........... - .- ...... ..,..._ _ .. _ -- ·-- " . - -··~ ---- -. -
-
Bemboka River x x - - x x x - - - - - x x x 
Fraxinoid es - x - - x x - - - - - - - x x 
Fastigata - x - - x v x x - - - - x x x 
Packers Swamp II - x - - x x x - - - x - - I x x x Solomons - - _ ,, 
I 
- x x - - · - - - x - x x 
Packers Swamp I ·- - - x x x - x - -- I x x x 
! 
- - I Dragon Swamp - K - - x x x - - - - - x x x 
New Line x - - - x - x - - - - - x x x 
' Tantawangalo - - - - x x x x - - - - x x x 
Rayne rs - - - - x - - - - - - - - x -
New Trig K - - - x x x x - - - - x x x 
Wog Way II - - - - x x - x - - - - - x x 
Wog Way I - - - - x x x x - - - - x x x 
Waratah - x - - x x x - - - - - x x x 
Mines x K - - x x x - - - - - x x x 
No. and % of sites with Fe, Cf, Vv 4 7 0 0 15 13 11 5 0 2 0 1 11 15 14 
detections (27) (47) (0) (0) (100) (87) (73) (33) (0) (13) (0) (7) (73) (100) (93) 
% sites with Fe, Cf, Vv detections 47 50 0 0 100 84 57 33 7 27 0 3 73 100 87 
% sites with predator records (Fc+Cf+Vv) 73 100 73 20 100 
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Table 4.14 - Comparison between survey techniques for detecting the Cat. NB. Scat 
surveys did not detect the Cat. The results from all of the hair-tubes (i.e., road and 
off-road) were used for this comparison (i.e., Scenario 2). 
Comparison x2 value P value 
(df = 1) 
Hair-tube vs Scent-station - Escarpment 2.40 > 0.05 
Hair-tube vs Scent-station - Coastal 0.56 > 0.05 
Hair-tube vs Scent-station - Total 0.13 > 0.05 
Table 4.15 - Comparison between survey techniques for detecting the dog. Significant 
difference are marked with an asterisk. The results from all of the hair-tubes (i.e., road 
and off-road) were used for this comparison (i.e., Scenario 2). 
Comparison x2 value P value 
(df = 1) 
Scat surveys vs Scent-station - Escarpment 4.05 < 0.05* 
Scat surveys vs Scent-station - Coastal 4.05 < 0.05* 
Scat surveys vs Scent-station - Total 9.03 < 0.05* 
Hair-tube vs Scat survey - Escarpment 2.23 > 0.05 
Hair-tube vs Scat survey - Coastal 0.57 > 0.05 
Hair-tube vs Scat survey -Total 4.36 < 0.05* 
Hair-tube vs Scent-station - Escarpment 0.08 > 0.05 
Hair-tube vs Scent-station - Coastal 0.31 > 0.05 
Hair-tube vs Scent-station - Total 0.64 > 0.05 
Table 4.16 - Comparison between scat surveys and scent-stations for detecting the 
Fox. Significant difference are marked with an asterisk. NB. The Fox was not 
detected by hair-tubes. 
Comparison x2 value P value 
(df = 1) 
Scat surveys vs Scent-station - Escarpment 10.36 < 0.05* 
Scat surveys vs Scent-station - Coastal 5.79 < 0.05* 
Scat surveys vs Scent-station - Total 17.32 < 0.05* 
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4.3.6. COMPARISON OF SURVEY TECHNIQUES - TRENDS IN THE NUMBER OF 
FERAL PREDA TORS DETECTED DURING EACH SURVEY PERIOD 
The number of records of feral predators from scat, scent-station and hair-tube 
surveys (under Scenario 2) changed over the duration of the study. Records of the Fox 
were excluded as they were not detected by hair-tubes, and only three records were 
obtained from scent-stations. The results from spotlight surveys have also been 
excluded due to the limited number of animals detected by this technique. 
Similar trends of the relative abundance (as inferred from the number of records) of the 
dog for each survey period, were found between the results of scat and scent-station 
surveys (Figure 4.13 and Figure 4.14). Peaks in the abundance of the dog were 
recorded by scent-stations and scat surveys in June and December in the escarpment 
area. Decreases in the abundance of the dog were recorded by both techniques during 
the August-September period in the escarpment area (Figure 4.13 a and Figure 4.14 a). 
In the coastal area, scat surveys indicated that the abundance of the dog increased 
between April and August and decreased after this time. This was broadly reflected 
by the results from hair-tube and scent-station surveys (Figure 4.13 band Figure 4.14 
b ). Generally, there was less agreement between the results from hair-tube surveys and 
the other methods. 
There were no consistent trends in the relative abundance of the Cat from the results of 
hair-tube and scent-station surveys (Figure 4.15 and Figure 4.16). 
It was not possible to make statistical comparisons between field techniques as the 
surveys were not conducted simultaneously and there were few records of feral 
predators from hair-tubes and scent-stations. 
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Figure 4.13 -Trends in the maximum number of observations of the dog from the 
escarpment and coastal area for each survey period. NB. The data from all hair-tubes 
is presented (i.e., Scenario 2). 
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Figure 4.14 -Trends in the minimum number of observations of the dog from the 
escarpment and coastal area for each survey period. NB. The data from all hair-tubes 
is presented (i.e., Scenario 2). 
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Figure 4.15 - Trends in the maximum number of observation of the Cat from the 
escarpment and coastal area for each survey period. NB. The data for hair-tubes 
includes only that obtained from all hair-tubes (i.e., Scenario 2). 
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Figure 4.16 -Trends in the minimum number of observations of the Cat from the 
escarpment and coastal area for each survey period. NB. The data for hair-tubes 
includes only that obtained from all hair-tubes (i.e., Scenario 2). 
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4.3.7. THE EFFICACY OF POISON-BAITING FOR THE CONTROL OF THE FOX AND 
DOG AT SITES WHERE BAITING OCCURRED 
Fewer canid (i.e., dog and Fox combined) and dog and Fox scats were collected in 
period 2 (i.e., post-baiting) at the treated sites. However, these differences were not 
significant (Figure 4.17). More canid and dog scats were present at control sites in 
period 2. However, the number of Fox scats at control sites declined during period 2 
and was similar to the response observed at treated sites (Figure 4.17 b). 
Figure 4.17 - The difference in the average log(scats) at control and baited sites for 
periods 1 and 2. 
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4.4. DISCUSSION 
The results clearly indicated that spotlight, scat, scent-station and hair-tube surveys 
were not equally effective for surveying the Cat, Fox and dog. The relative 
effectiveness of these techniques for surveying these species is discussed below with 
suggestions why these differences may have occurred. The number of sites where the 
Cat, Fox and dog were recorded indicated that these species were widespread in both 
areas. Scat surveys yielded information on the relative abundance of the Fox and dog. 
The results also provided information that allowed an exploratory investigation into 
the efficacy of poison-baiting for the control of the Fox and dog during the period of 
the study. 
4.4.1. THE RELATIVE EFFECTIVENESS OF TECHNIQUES EMPLOYED IN THE STIJDY 
FOR DETECTING FERAL PREDATORS 
The efficacy of each field technique for detecting feral predators in forest environments 
was determined by: (i) comparing the number of sites where feral predators were 
detected using each survey method; (ii) comparing the degree of consistency between 
the results; (iii) assessing the reliability of the data; (iv) determining the ability to use 
the results to obtain information on distribution and relative abundance of feral 
predators; and (v) assessing the ease with which each technique can be employed in 
the field. Table 4.17 provides a summary of the time and level of skill required - and 
the suitability of each technique - for surveying the Cat, Fox and dog in eucalypt 
forests. Clearly, more research is required to test the efficacy of these techniques for 
surveying feral predators in forest environments. Recommendations for further 
research into techniques for surveying feral predators in forest environments are given 
in Section 8.5. 
Table 4.17 - Synopsis of the time and level of skill required and suitability of using 
spotlight, scat, scent-station and hair-tube surveys for surveying the Cat, Fox and dog 
in eucalypt forests. Fe = Cat; Cf = dog; Vv = Fox. Numbers 1-4 represent the level of 
desirability, e.g., 1 =least amount of time or skill required, and high level of success in 
achieving outcomes;? represents uncertainty; - indicates technique was not successful. 
NB. The results from hair-tube surveys under Scenario 2 (i.e., the results from all hair-
tubes) were considered in this table. 
Outcomes 
Time Level of Distribution Abundance 
Technique skill Fe Cf Vv Fe Cf Vv 
Spotlight surveys 2 2 - - - - - -
Scat surveys 1 1 - 1? 1? - 1? 1? 
Scent-station surveys 4 3 1? 2? 2? 1? 2? -
Hair-tube surveys 3 1 or4* 1? 2? - 1? 2? -
* 1 if hairs are to be anal sed b y y an ex ert, 4 if the surve or needs to anal se the hairs. p y y 
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Spotlight Surveys 
Although the time and level of skill required for spotlight surveys was minimal, this 
technique was considered to be the least useful method for detecting feral predators in 
forest environments (Table 4.17). Over the entire study, 300 km of spotlighting was 
undertaken, but only four observations of the Cat and three observations of the Fox 
were made (Table 4.3). These results could not be used to infer the distribution and 
abundance of these species. 
Spotlighting has been successfully used in open environments to detect and obtain 
information on the relative abundance of the Cat, Fox and dog (e.g., Coman et al. 1995; 
Short et al. 1995). In forest environments, this technique may not be successful because 
dense vegetation may limit visibility. 
Scat Surveys 
Scat surveys detected the dog and Fox but not the Cat (Table 4.13). It was the only 
technique that yielded information on the distribution and relative abundances of the 
dog and Fox; the results from scent-station and hair-tube surveys were limited to 
descriptive analyses only. 
In this study, it was assumed that the number of scats found on roads was indicative 
of the abundance of the dog and Fox. The data were used to compare their 
abundances in the escarpment and coastal areas and over time. However, several 
climatic and biological factors may have influenced the number of scats that were 
found. These need to be taken into account when interpreting the results. For 
example, diet may have influenced the rate of scat deposition. Andelt and Andelt 
(1984) found that the number of scats collected from a relatively stable Coyote 
population increased in response to the proportion of fruit and insects in its diet. This 
could be due to the high amount of indigestible matter in these food groups and thus 
the rate of passage through the digestive system. Andelt and Andelt (1984) also 
found that scat deposition rates by the Coyote significantly increased when its diet 
comprised more than 50% fruit and insects than when more than 50% of its diet was 
vertebrates. 
The persistence of scats also may be influenced by weather. Cavallini (1994) found 
that rainfall increased the rate of Fox scat decomposition and thus cautioned about 
the use of scat surveys to infer the relative abundance of the Fox in different seasons. 
It is possible that rainfall may have had an effect on scat decomposition in this study. 
However, scats left at sites to assess the rates of decomposition were still identifiable 
after two months. These scats were composed of hair and bone. It is possible that 
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scats containing plant and insect matter may have perished before the surveys, 
particularly if it had rained. 
Inferring the relative abundances of the Fox and dog from the number of scats collected 
in each survey period also may have been influenced by seasonally-related changes in 
behaviour. For example, Goszczynski (1990) found that scat deposition rates of the 
male Fox in Poland decreased during the mating season as less food was consumed at 
this time. Extrapolating from this finding, the rate of defaecation by the Fox and dog 
also may be less when food is scarce. In addition, during the mating season the male 
Fox/ dog may deposit scats in conspicuous positions (e.g., roads) to advertise their 
presence. 
Despite the potential problems outlined above, scat surveys had advantages over the 
other techniques examined as they provided a relatively rapid means to survey the Fox 
and dog, and could be undertaken by people with limited field experience (Table 4.17). 
However, scat surveys were inadequate for surveying the Cat. 
Scent-station Surveys 
Scent-stations detected the Cat and dog and to a lesser extent the Fox. However, 
compared to scat surveys, this technique was less successful in detecting the Fox and 
dog. Scat surveys detected the Fox and dog on 100% and 84% of sites, respectively, 
whereas scent-stations detected the dog on 33% and the Fox on 7% of sites (Table 
4.13). These differences were significant (X2 = 9.03; df = l , P < 0.05 and x2 = 18.89; 
df = 1, P < 0.05 for the dog and Fox, respectively). 
Scent-stations require more preparation than scat surveys and require more field effort 
in terms of the number of days required to undertake each survey (Table 4.17). In this 
study, sand needed to be transported into the areas and it took 11 days to conduct 
each scent-station survey (a total of 44 days was devoted to scent-station surveys). In 
contrast, three days were required for a given scat survey (a total of 18 days was 
devoted to scat surveys). 
The effectiveness of scent-stations in attracting feral predators was not known. 
Responses to lures may differ between individuals and be influenced by seasonally-
related changes in behaviour. Responses also may be influenced by the placement of 
scent-stations in relation to habitat and territorial boundaries. For example, studies 
have shown that there are differences in the attractiveness of lures to individuals of the 
Cat and dog (Turkowski et al. 1983; Allen et al. 1989; Mitchell and Kelly 1992; 
Clapperton et al. 1994). 
Chapter 4: 134 
At one site in this study (Packers Swamp II) the Cat was observed during a spotlight 
survey and there were several incidental sightings of the Cat throughout the year. 
However, no Cat prints were ever obtained from the scent-station at this site. It was 
possible that the Cat(s) at this site were not attracted to the lures (tuna oil and beef 
stock). How scents are presented also may affect the response of individuals to scent-
stations (Turkowski et al. 1983; Allen et al. 1989; Mitchell and Kelly 1992). 
The 'attractiveness' of various scents may have varied in relation to seasonally-related 
physiological changes. For example, the female Cat and dog may be more inquisitive 
when lactating, when their energy requirements are greater. Although reproduction of 
the Cat has not been studied in this region, research from elsewhere in Australia has 
indicated that most births occur between September and March, with a peak in the 
spring months (Jones 1977; Jones and Coman 1982b - see Chapter 2). The greatest 
number of records of the Cat obtained by scent-stations occurred in March and 
steadily declined in subsequent surveys. However, in December there was a slight 
increase in the number of records of the Cat obtained in the coastal region (Figure 4.7). 
The increased number of records of the Cat obtained in March may therefore have been 
due to inquisitive behaviour by lactating females. Alternatively, the results may have 
reflected a greater abundance of the Cat at this time. 
Peak abundances of the Cat have been recorded during summer with a decline to a 
winter minimum (Jones and Coman 1982a; Moodie 1995). If the abundance of the Cat 
was greatest during the summer months, it should have been reflected in the results for 
December. However, relatively few records of the Cat were obtained during this 
period (Figure 4.7). 
The results for the dog between March - September may have partially reflected 
inquisitive behaviour by nursing females toward food-related odours. The greatest 
number of records of the dog at scent-stations in this study coincided with their 
breeding period in south-east Australia, between March and September (Jones and 
Stevens 1988). The energy requirements of lactating females would be greatest at this 
time. In addition, young animals also may be more inquisitive, particularly when they 
are dispersing. 
Increased visitation rates to scent-stations during the breeding season has been found 
for other species. For example, in the USA the Raccoon Procyon lotor visited scent-
stations more during summer (Smith et al. 1992). This may have reflected annual 
recruitment of the Raccoon and increased activity of females that were feeding young. 
Learning behaviour by individuals also may have influenced the results. It was 
possible that animals learned to ignore scent-stations after realising that no food could 
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be obtained. As mentioned above, most records of the Cat were obtained in the first 
survey period (March) and then declined. In addition, the Cat generally was not 
recorded more than once at a scent-station during any survey period. Thus, the results 
may have under-estimated the abundance of the Cat. More records of the dog were 
obtained by scent-stations following the first survey period (Figure 4.8). The dog also 
was regularly detected at the same scent-station over consecutive nights during 
surveys. This observation may have been a result of one dog or several individuals 
visiting a scent-station over consecutive nights during a given survey period. It was not 
possible to distinguish individuals from footprints. 
Placement of scent-stations (and hair-tubes) in relation to territory boundaries may 
have also influenced the degree to which animals were likely to investigate the stations. 
Harris (1983) found that the Coyote was less likely to visit scent-stations encountered 
inside than outside its territory. Neo-phobic behaviour by the Coyote in relation to 
territory boundaries has also been reported by Windberg and Knowlton (1990). Allen 
et al. (1996) attributed relatively low visitation rates to scent-stations by the Dingo to 
neo-phobic behaviour. Harris (1983) suggested that as a novel odour becomes 
familiar, animals may become accustomed to it and subsequently investigate the 
odour. 
In this study, scent-stations were established at sites several months prior to their use 
to reduce the possibility of neo-phobic behaviour. However, it was not known whether 
this length of time was sufficient. Presumably, if neo-phobic behaviour was occurring, 
then resident animals should have become accustomed to the odours over time and 
investigated the scent-stations and hair-tubes. Neo-phobic behaviour in the Cat, Fox 
and dog has not been investigated in Australia, although the results of Allen et al. 
(1996) suggest that it may occur. The extent to which this affected the results was not 
known. 
Hair-tube Surveys 
Hair-tube surveys detected the Cat and dog but not the Fox. Although the Fox was 
seen within several metres of hair-tubes on two occasions, no Fox hairs were found in 
them. This suggested that the Fox either failed to find or ignored the hair-tubes, or did 
not investigate the hair-tubes closely. The strong odour of the lure (dried shrimp 
paste) made it unlikely that animals did not detect hair-tubes. This suggested that the 
Fox did not investigate the hair-tubes, which may have been a result of neo-phobic 
behaviour (discussed above). 
Few records of the Cat and dog were obtained from hair-tubes placed on roads (i.e., 
Scenario 1; Table 4.10). Under Scenario 2 (where data from hair-tubes on and away 
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from roads was considered), the Cat and dog were detected at more sites and more 
records were obtained. This was more likely to be a result of increased survey effort 
than the possibility that the hair-tubes were sampling different populations. This 
assumption was supported by the results from Chapter 5, viz:- the radio-tracked 
animal was found to use roads and areas away from roads. 
Scenario 2 provided more information on the distribution of the Cat and dog in the 
areas than Scenario 1. The results from Scenario 2 could also be used to compare the 
effectiveness of hair-tubes for surveying feral predators with the other methods 
employed in the study. 
The overall success rate for the number of records of the Cat and dog was low, but 
comparable to the detection rate of other species in the study area (Table 4.12). The 
percentage of hair-tubes that detected the Cat and dog was greater in this study 
compared to other investigations in the region that used non-meat baits. For example, 
hair-tube surveys conducted by Saxon and Noble (1993) found that 0.8% and 0.3% of 
hair-tubes (n = 4378 hair-tubes) detected the Cat and dog. The bait they used was 
peanut butter, golden syrup, rolled oats and artificial pistachio essence. Assuming the 
abundance of predators was similar in the two studies, the bait used in this 
investigation was substantially more successful in attracting the Cat and dog. 
The same factors described in the section on scent-stations above may have influenced 
the effectiveness. of hair-tubes in detecting feral predators. That is: (i) neo-phobic 
behaviour by individuals; (ii) individual response to odours; (iii) seasonal behavioural 
changes; (iv) placement of hair-tubes; and (v) learning by individuals. In addition, 
weather may have influenced the length of time hair-tubes were effective. The adhesive 
properties of tape in hair-tubes set near roads became dry and brittle and generally 
degraded more rapidly than those located off roads. Few records of the Cat and dog 
were recorded from hair-tubes placed on roads, despite information from scat surveys 
and scent-stations indicating that they were present. It was possible that the exposed 
conditions characteristic of roads resulted in a relatively drier and hotter micro-climate 
that, in turn, may have reduced the length of time the tape was effective. Excessive 
moisture also may have affected the longevity of the adhesive qualities of the tape. 
Hair-tube surveys have some advantages over the other techniques used in this study. 
For example, they were relatively easy to install and could be left for several weeks at 
a time. However, hair identification requires a high level of skill and it is not always 
possible to distinguish between two closely related species (e.g., common brushtail 
possum and mountain brushtail possum; Table 4.17). 
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Considerations For Future Surveys 
Given the findings of this study, techniques used for future feral-predator surveys 
should take the following factors into account: 
1. Taxon specificity. A combination of hair-tube and scent-station surveys may be 
appropriate to survey the Cat, whereas scat surveys may be more appropriate for 
surveys of the Fox and dog. 
2. Time available. Scat surveys require the least amount of time, followed by hair-tube 
surveys and scent-station surveys. 
3. Skills of the ecologist. Scat surveys require few skills beyond the ability to search 
and identify predator scats. Although scent-stations and hair-tubes are relatively 
easy to install, greater expertise is required for the identification of species from 
footprints and hair samples. 
4. Survey location (e.g., on or off road). Scat surveys are difficult to conduct off roads 
because scats can be concealed by vegetation. However, the use of a dog trained to 
detect scats may overcome this problem (David Moore, University of New England, 
pers. comm.). Scent-stations could be undertaken off roads in areas where the soil 
is soft or sandy so that footprints can be identified. However, the logistics of 
importing sand into densely vegetated areas may be prohibitive, particularly if the 
terrain is variable. Hair-tubes are suitable for surveys in densely vegetated areas as 
they are readily transportable and can be left in the field for several weeks. 
5. Availability of resources. Scat surveys require fewer resources than both scent-
station and hair-tube surveys. 
4.4.2. COMPARISON OF SCAT SURVEYS, SCENT-STATIONS AND HAIR-TUBES -
TRENDS OVER THE SURVEY PERIOD 
There was a broad similarity in the number of records of the dog obtained in each 
survey period using scent-stations and scat surveys (Figure 4.13 and Figure 4.14). This 
suggested that these techniques were reflecting the same trend in the abundance of 
populations of the dog over time. However, to validate the use of a technique as an 
index of population abundance it is essential that the density estimate to which the 
index is compared is not also an index (White 1992). 
To confirm the validity of techniques used to derive estimates of abundance, direct 
estimates of density- or means of confirming movements that affect dispersion 
among habitats (e.g., radio-telemetry) - are required. However, this is not always 
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possible. In the absence of this information, verification of the reliability and utility of 
techniques requires comparing rates of visitation with corresponding population 
estimates in several locations for extended periods of time (Nottingham et al. 1989). 
Whether the results of the different survey techniques reflected actual changes in the 
abundance of the dog as opposed to seasonally-related behavioural responses remains 
unknown. 
There was less agreement between the results of hair-tubes and the other techniques. 
This may have been due to differences in habitat use by the dog and/ or variation in 
the response of the dog to different odours. 
There were large differences in the number of records of the Cat by scent-stations and 
hair-tubes. This may partially have been a result of differences in the attractiveness of 
the odours used to detect the Cat. 
4.4.3. THE ABUNDANCE AND DISTRIBUTION OF THE CAT, FOX AND DOG AS 
INFERRED FROM SCAT, SCENT-STATION AND HAIR-TUBE SURVEYS 
Distributions Of The Cat, Fox And Dog In The Region 
The results from field surveys indicated that the Cat, Fox and dog were widespread 
throughout the region, at least in the vicinity of roads. The dog appeared to be the 
most widespread and the Cat the least. The dog was detected on all sites, the Fox on 
84% and the Cat on 73% of sites (Table 4.13). 
The Abundance Of The Cat, Fox And Dog In The Region 
Based on the assumption that the number of scats from the Fox and dog provided an 
index of relative abundance, the dog was significantly more abundant than the Fox in 
the escarpment and coastal areas (P < 0.0001). There was no difference in the 
abundance of the dog between the areas (P = 0.3046), while the Fox was more 
abundant in the coastal area (P = 0.0013) (Figure 4.4 and Table 4.6). 
Prior to the commencement of this study, it was expected that the abundance of feral 
predators would be greater in the escarpment area where the abundance of prey 
species was likely to be greater (e.g., Richards et al. 1990; State Forests of NSW 1994). 
The results from this study did not support this hypothesis; significantly increased 
abundances of the Fox were recorded in the coastal area and the dog was equally 
abundant in the escarpment and coastal areas. Several factors may account for this 
results. For example, prey of the Fox may have been more abundant in the coastal 
area. This is supported by Kavanagh (1997). He found increased abundances of 
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small mammals at lower elevations in the region (coastal areas). It was also possible 
that prey was not a factor limiting populations of the dog. The relationship between 
habitat attributes, including estimates of abundance of prey populations, and the 
abundance of the Fox and dog is investigated in Chapter 7. 
The relative effectiveness of 'free-baiting' and 'mound-baiting' for controlling Fox and 
dog populations in the areas and their rate of immigration into baited areas also may 
have influenced the distribution and abundance of feral predators during the study 
(see Section 4.4.4). 
Information on the relative abundances of the Cat could not be obtained in this study. 
As discussed in Section 4.4.1, the effectiveness of hair-tubes and scent-stations in 
attracting the Cat was uncertain. 
Comparison Of The Abundance Of The Fox And Dog In The Region With Estimates From 
Other Studies 
No studies in Australia are comparable to this study in terms of using scat counts as 
an index of abundance of the Fox. It was also difficult to compare the abundance of 
the dog in the study region with estimates from other forest ecosystems. This was 
because few studies have used scat surveys to derive indices of relative abundance in 
forest environments. However, one study in the eucalypt forests of north-east NSW 
(Robertshaw and Harden 1986) used scat data to derive an index of relative 
abundance of the dog (Dingo) with which the results from this study could be 
compared. In their study, the mean monthly numbers of scats collected in each area 
were expressed as the mean number of scats collected per kilometre per day. In order 
to compare Robertshaw and Harden's (1986) results with this study, the data 
obtained from scat surveys was appropriately converted. The mean number of scats 
collected from each area was divided by the number of kilometres over which scats 
were collected. This figure was then divided by the number of days scats were 
collected (Table 4.18). 
Although the results were not directly comparable due to the different years in which 
the studies were undertaken, the results suggested that the abundance of the dog in the 
south-east forests of NSW (1994) was greater than in north-east NSW (1979-1980). 
Two of the areas (Petroi and Diamond Flat) surveyed by Robertshaw and Harden 
(1986) were not subject to poison-baiting programs. Both areas in the present study 
were subject to baiting. This suggested that: (i) if poison-baiting ceased in the study 
region, the abundance of the dog would increase, or (ii) that poison-baiting is not 
controlling the size of the dog population in the region. 
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Table 4.18 -The mean monthly number of scats per kilometre per day- a comparison 
with north-eastern NSW and south-eastern NSW. (Sources: Robertshaw and Harden 
1986; this study). 
North-east NSW South-east NSW 
Area Styx River Petroi Diamond Escarpment* Coastal* 
State Flat 
Forest* 
Mean number of 0.016 0.041 0.054 0.12 0.09 scats km -1 day -1 
* areas where poison-baiting was undertaken 
Abundances Of The Cat, Fox And Dog In Each Survey Period 
Analysis of the number of scats collected over time indicated that the abundances of 
the Fox and dog varied significantly between survey periods (P < 0.002 and P = 0.05 
for the Fox and dog, respectively; Table 4.7). In the escarpment area, the abundance of 
the dog was highest during January-February and May-June, and lowest during 
March-April. The abundance of the Fox was highest during January-February and 
lowest during November-December. In the coastal area, the abundance of the dog was 
highest during July-August and lowest during March- April. The abundance of the Fox 
was highest during May-June and lowest during January-February (Table 4.6). 
In the escarpment and coastal areas, the Fox and dog were recorded at more sites 
when their abundance was also relatively high (Table 4.6 and Figure 4.3). This may 
have been due to a number of factors, such as: (i) an increase in the number of young 
animals; (ii) an increase in the number of dispersing animals; and/ or (iii) seasonally-
related physiological changes that affected their response to odours and/ or patterns 
of defaecation. 
Although the highest abundance of the Fox in this study did not correspond with the 
known peak breeding period for this species in Australia, pregnant females have been 
recorded from June-October (Ryan 1976b). Dispersal in the Fox generally commences 
in late summer and continues until the onset of breeding in winter (Saunders et al. 
1995). Studies investigating reproduction in the Dingo and Dingo-dog hybrids from 
the eastern highlands of Victoria indicate that the majority of births take place in 
winter, with a peak during July (e.g., Jones and Stevens 1988). In this study, an influx 
of young animals into the dog population may explain the increased abundances of the 
dog during May-August - particularly in the coastal area. 
Estimates of relative abundance of the Fox and dog over time in this study also may 
have been influenced by seasonal changes in behaviour. For example, the male Fox 
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may 'advertise' its presence to others by defaecating on roads, rather than areas away 
from roads, more often during May-June in the coastal area than at other times of the 
year. However, this did not explain the pattern of relative abundances of the Fox over 
time in the escarpment area - relatively greater estimates of abundance of the Fox 
was greatest during January-February in this area. 
The abundance of the Fox and dog varied significantly at the site level (P < 0.0001 and 
P < 0.001 for the dog and Fox, respectively; Table 4.7). For example, the number of 
dog scats collected at Mitchell's Creek site during May-June was 0, the number 
collected in the following survey period was 12 (July-August; Appendix 3). It was 
possible that resident animals used this site more intensively (i.e., non-uniform 
utilisation of home-ranges by the Fox and dog), or that more animals were present at 
this site, during July-August. The Fox and dog may forage in different parts of their 
home-range at different times of the year according to the abundance and availability 
of prey. When food in one part of a home-range is depleted an animal may move to 
another area. Thomson (1992b) found that the Dingo in north-western Australia did 
not uniformly utilise its home-range and its centre of activity generally shifted from 
season to season, but not in a regular or predictable way. Thomson (1992b) surmised 
that most shifts in activity centres were probably related to changes in the availability 
of primary resources within an area. Availability of food has also been shown to 
affect the home-range use by the Fox (Storm 1965; Lloyd 1980; Jones and Theberge 
1982; Phillips and Catling 1991). A series of home-range studies conducted by Lloyd 
(1980 and references within) found evidence that the Fox utilises one part of its home-
range for a few days and then shifts to another area. There also may be seasonally-
related variation in the utilisation of areas within the home-range of the Fox (Lloyd 
1980; Phillips and Catling 1991). 
Endres and Smith (1993) found that shifts in seasonal activity of other species, such 
as the Raccoon, were apparently associated with spatial and temporal patchiness of 
resources which were responsible for changes in the local abundance the Raccoon. In 
addition, the Raccoon appeared to respond to resource patchiness by concentrating its 
activity within relatively small areas for short periods of time (Fritzell 1978). This 
may partially explain the results in this study. That is, the variation in the number of 
dog and Fox scats at sites during different survey periods may have been in response 
to changes in prey availability. 
Other factors that may have influenced the abundance of the Fox and dog in the region 
include: 
1. Hunting or pest control in adjacent cleared lands; and 
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2. Widespread poison-baiting by the Rural Lands Protection Board (RLPB) and State 
Forests of NSW. 
The impact of activities such as hunting on local feral predator populations was not 
known. The impact of poison-baiting is discussed below. 
4.4.4. EFFICACY OF POISON-BAITING FOR THE CONTROL OF FERAL PREDATORS IN 
THE REGION 
Although the number of dog and Fox scats declined at sites where poison-baiting 
occurred, the inter-period differences were not significant (Figure 4.17). This suggested 
that poison-baiting was not effective for reducing the abundance of the Fox and dog in 
the region. Other studies have reached similar conclusions. For example, Mcilroy et al. 
(1986) found that poison-baiting using the 'mound-baiting' technique had limited 
success in killing the dog/Dingo. Only nine (22%) dogs were killed by poison-baiting 
in Mcilroy et al.'s (1986) study. Although Broome et al. (1994) found that the number 
of visits to bait-stations by feral predators decreased significantly 40 days following 
poison-baiting, the total percentage take was still 25% and in some areas as high as 
33%. Broome et al. (1994) concluded that the poison-baiting program was more 
successful for the dog/Dingo than for the Fox. Allen et al. (1996) also found that the 
dog/Dingo population in their study did not decrease following baiting. 
Factors That Need To Be Considered For The Control Of Feral Predators Using Poison-
Baiting 
Several factors may be important in the control of feral predators: 
1. Rate of recolonisation 
Several studies have recorded rapid recolonisation rates of the Fox and dog in areas 
where poison-baiting reduced the number of resident animals. Newsome et al. (1989) 
found that the Fox rapidly re-populated Yathong Nature Reserve following poison-
baiting, even when large numbers of resident animals were killed. Similarly, Kinnear et 
al. (1988) found that the Fox migrate to areas almost as rapidly as resident animals 
were killed. The dog/Dingo is also capable of rapidly re-colonising areas following 
poison-baiting (Thomson et al. 1992). Rapid recovery of Fox populations also has 
been documented overseas. Fox populations in the Swiss Jura Mountains recovered 
within one year of being reduced by an estimated 60% by hunting (Weber et al. 1991). 
The Fox may quickly recover its populations because it can occur at relatively high 
population densities, has high rates of recruitment, and has great capabilities of 
dispersal from adjacent un-managed areas (Lloyd 1980). 
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The Cat may have slower recruitment rates compared to the Fox and dog. For 
example, the Cat was slow to recover its numbers after an initial culling in Victoria 
(Coman 1991). Three years later, only one Cat was culled for roughly the same 
amount of culling effort, despite high numbers of potential prey, such as the Rabbit 
(Coman 1991). Coman (1991) suggested that high natural mortality of the juvenile 
Cat, in addition to slow rates of immigration, limited the ability of the population to 
recover. 
2. Bait avoidance by individuals 
Several studies have documented bait avoidance by animals. Studies of the Common 
Brushtail Possum have demonstrated that up to 30% of individuals learn to avoid 
baits poisoned with 1080, while few reject un-poisoned baits (Morgan 1990). This 
may be due to smell and taste aversion of baits by possums. Similarly, the Fat-tailed 
Dunnart Sminthopsis crassicaudata also avoids meat that has been impregnated with 
1080, particularly if the animals had previously ingested sub-lethal doses of the poison 
(Sinclair and Bird 1984). 
Bait avoidance has been documented in the Fox and dog. Allen et al. (1996) found 
that the Dingo was more likely to visit bait-stations without consuming the bait after 
an initial baiting period. Thompson and Fleming (1994) and Trewhella et al. (1991) 
reported similar responses by the Fox. Research from Australia and elsewhere has 
found that 22 - 48% of Foxes are bait-shy (i.e., do not ingest poison-baits) (Allen 
1982; Steck et al. 1982; Johnston et al. 1988). 
Different age cohorts of a population may be more or less vulnerable to poisoned baits. 
For example, Thomson (1986) found that the lone or young Dingo was 
disproportionately vulnerable to poison-baits than members of a social group. 
Thomson (1986) attributed this to the poorer hunting success of these animals. It was 
also possible that young naive animals, as well as lone and young dispersing animals, 
were likely to be outside familiar territory and therefore more vulnerable to poison-
baits (Harris 1983; Allen et al. 1996). An initial baiting period may remove 'bait-
prone' and naive individuals, leaving neo-phobic and bait-shy individuals that are 
more difficult to target (Allen et al. 1996). Thus, subsequent baiting periods may not 
be as successful as initial attempts. 
Exposure to sub-lethal quantities of 1080 may be more pronounced in areas where 
'free-baiting' occurs. During 'free-baiting', poisoned meat is distributed and then left 
to be consumed or decompose. Concentrations of 1080 will degrade through leaching 
and the activities of insects and microbes (Mcllroy 1986; Mcilroy et al. 1988; O'Brien et 
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al. 1988; Saunders et al. 2000). Given that the Fox and dog scavenge food, it is 
possible that partially degraded, sub-lethal baits, may be consumed by these animals. 
Thompson and Fleming (1994) suggested that with regular baiting programs, the 
reduction in populations of the Fox would decline over time. This is because its 
populations would increasingly consist of bait-shy individuals. 
3. Timing and intensity of control programs 
The effectiveness of control programs can be measured by the level of population 
reduction (Thompson and Fleming 1994). However, the benefits will be negated by 
immigration and natural increase (Thompson and Fleming 1994). Consideration must 
be given to the dispersal and ranging behaviour of predators when identifying the scale 
and timing of predator control operations (Kolb 1984). For example, British studies 
have found that Fox dispersal occurs principally among animals that are 27-52 weeks 
old (Woollard and Harris 1990). Thus, a control program conducted in winter may 
encourage re-population from dispersing individuals (Thompson and Fleming 1994). 
Phillips et al. (1972) suggested that control programs during late winter and spring 
were appropriate as few individuals dispersed during this time and the Fox 
population was at an annual low. On Kangaroo Island, South Australia, Paton (1994) 
found that visitation rates to baits by the Cat increased during winter and/ or spring 
than in summer. He suggested that the winter/ spring period may be a good time of 
year for poison-baiting to occur. 
The frequency of control measures is another important consideration. Ideally, control 
measures need to be undertaken at a rate that ensures that populations of feral 
predators do not recover in the intervening periods. For example, Thompson and 
Fleming (1994) found that despite a rigorous poisoning campaign, baits were still being 
removed by the Fox 10 days after the program had commenced. Thompson and 
Fleming (1994) recommended that either continuous control over small areas or large-
scale campaigns would be more effective for Fox control. Fox control using poison-
baits has been successfully undertaken in areas where the numbat occurs in south-
western Western Australia (Friend and Thomas 1995). In these areas, poison-baiting 
for the Fox is undertaken intensively (baits are placed every 100 m along tracks and 
roads) and on a monthly basis (Friend and Thomas 1995). Coman et al. (1995) 
concluded that repeat baitings over a periods of several weeks is required to achieve a 
high level of reduction in the abundance of the Fox. However, there is also the 
possibility that over time the success of baiting programs will be less as animals learn 
to avoid baits. 
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4. Placement of bait-stations 
Poison-baiting programs in the EMA are conducted along roads and thus targets 
animals utilising roaded areas. Once the animals that use roads have been killed, 
individuals occupying areas away from roads may recolonise these areas. Allen et al. 
(1996) found that the activity of surviving animals increased following poison-baiting. 
Allen et al. (1996) suggested that the death of some animals may promote exploratory 
forays by individuals from neighbouring social groups. Similarly, Thomson et al. (1992) 
found that exploratory movements by individuals often preceded immigration into 
unoccupied areas. This may partially explain why poison-baiting did not result in a 
significant reduction in the numbers of the Fox and dog in this study. 
5. 'Mesa-predator' release 
It is possible that current poison-baiting regimes in the EMA benefit Fox populations 
by limiting the size of the dog population. As a consequence, the abundance of the Fox 
may be much larger than it would be in the absence of poison-baiting. This is because 
the numbers of the dog, which under natural conditions may have the capacity to limit 
populations of smaller predators because of its larger size (see Section 2.4), may not be 
sufficient to exert control over the Fox. This response is referred to as 'meso-predator' 
release (Eisenberg et al. 1979; Terborgh and Winter 1980; Glanz 1982; Emmons 1984; 
Soule et al. 1988). 
Meso-predator release may be detrimental to some native fauna, particularly those 
that are endangered or threatened. For example, Soule et al. (1988) investigated the 
extinction of chaparral-requiring birds in California. They found that in canyons where 
the Coyote was absent, populations of smaller predators such as the Fox increased. 
These smaller predators were likely to have contributed significantly to the 
disappearance of vulnerable bird species. Soule et al. (1988, p. 89) concluded that 
" ... the elimination of large predators from a system can be destabilising. In the absence 
of large predators, smaller predators can become more abundant (mesa-predator 
release) and, in tum, may cause the local extinction of vulnerable prey species." 
Although the abundance of the dog was significantly greater than that of the Fox in 
this study, numbers of the dog may not be sufficient to limit numbers of the Fox. If 
meso-predator release is occurring in the EMA, then it is possible that Critical Weight 
Range species, that are prey of the Fox (see Chapter 2 and Chapter 6), may be subject 
to greater levels of predation by the Fox than in the absence of poison-baiting. 
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6. Changes in social structures and reproductive behaviour 
Under natural circumstances, the social behaviour of the dog leads to large pack sizes 
and prevents many females from breeding, and thus limits the size of its populations 
(Rausch 1967). The control of the dog may allow more females to breed, which may 
result in the rapid re-establishment of populations of the dog. The reason for this, as 
suggested by Corbett (1995a), is because control methods for the dog may fracture 
packs into smaller units, each with a breeding female. This can result in rapid recovery 
of dog populations. This has occurred in packs of the Gray Wolf in Alaska. Control, 
by human hunting, split Gray Wolf packs into smaller units, resulting in high breeding 
rates due to the removal of social inhibitions on breeding (Rausch 1967; Corbett 
1995a). 
In Australia, various programs aimed at controlling populations of the dog may 
predominantly target young and old individuals (Thomson 1986; Allen et al. 1996). 
Consequently, the surviving populations may consist of middle-aged animals that are 
more likely to successfully raise litters (Corbett 1995a). The extent to which this is 
applicable to the dog in the south-east forests of NSW is unknown. This also may 
apply to the Cat and Fox, however there is no information on this. 
4.5. SUMMARY 
The Effectiveness Of Spotlighting, Scat, Scent-Station And Hair-Tube Surveys For Surveying 
The Cat, Fox And Dog In The Study Region 
Spotlighting, scat collection, scent-stations and hair-tubes were not equally effective 
for surveying feral predators in this study. Spotlighting was the least effective field 
method. Scat surveys provided the best measure of the distribution of the Fox and 
dog and provided information on their abundance. However, there was some 
uncertainty about the reliability of scat surveys for obtaining measures of abundance, 
and to a lesser extent distribution, of these species. For example, diet and climatic 
factors may have influenced the persistence of scats (Andelt and Andelt 1984; 
Cavallini 1994), seasonal changes in behaviour may have influenced scat deposition 
(Goszczynski 1990), and there may have been intra- and interspecific variation in the 
pattern of scat deposition (Macdonald 1980). Scat surveys were not effective for 
detecting the Cat. 
Hair-tubes and scent-stations detected the Cat. However, there was uncertainty 
associated with these techniques. For example, it was possible that the lures used 
were not equally attractive to all individuals, and thus some animals may not have 
been detected. This may explain the finding that hair-tubes and scent-stations 
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detected the Cat at nine sites, while the Cat was detected by only one method at 13 
sites. 
There appeared to be broad agreement between scat surveys and scent-station surveys 
in the trend of the abundance of the dog in each area for each survey period (Figures 
4.13 and 4.14). What this meant in terms of actual numbers of animals was unclear. 
There was less agreement between the results from hair-tube surveys and the other 
indirect survey techniques used in the study (Figures 4.13 and 4.14). 
The Distribution And Abundance Of The Cat, Fox And Dog In The Study Region As 
Inferred From Spotlighting, Scat, Scent-Station And Hair-Tube Surveys 
The dog was more widespread in the escarpment and coastal areas than the Cat and 
Fox. Overall, scat surveys detected the dog on all of the sites in both areas and were 
never detected on fewer than 60% of sites during each survey. The Fox was generally 
present at more sites and were more abundant in the coastal area than the escarpment 
area. The Cat was detected on 73% of sites in both areas. 
Assuming that the number of scats was indicative of the abundance of the Fox and 
dog, the dog more abundant than the Fox in both areas. 
There was significant variation in the abundance of the Fox and dog between survey 
periods. Although climatic conditions, behavioural changes and differences in their 
diet may have influenced the number of scats (see above), periods of greater 
abundance corresponded with the breeding season of these species; and thus may have 
reflected changes in the abtmdance of these species. 
There was significant variation between surveys for any given site in the abundance of 
the Fox and dog. This may have been a result of temporal variation in the intensity of 
use of different parts of their home-ranges. 
Efficacy Of Feral Predator Control 
The results from this study suggested that poison-baiting was not effective for reducing 
the abundance of the Fox and dog in the EMA during the study period. The efficacy of 
poison-baiting warrants further investigation because of the potential impacts of feral 
predators on native fauna and the potential limitations associated with poison-baiting 
for the control of feral predators. 
5 
THE USE OF ROADS, 
EDGES AND REMOTE AREAS 
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BY FERAL PREDATORS IN THE SOUTH-EAST 
FORESTS OF NSW 
5.1. INTRODUCTION 
The previous chapter examined the relative effectiveness of a variety of techniques 
used to survey the Cat, Fox and dog in the south east forests of NSW. They provided 
information on the distribution, and where possible relative abundance, of these 
species in relation to roads. To further elucidate the role of roads for the movement 
and distribution of feral predators in forest environments, information on their 
distribution and abundance in areas away from roads, and their temporal and spatial 
use of roads, is important. This chapter investigated the presence of feral predators in 
remote areas and their use of roads, edges and habitat away from roads using direct 
and indirect survey techniques. 
The aims of this investigation are given below. This is followed by a summary of the 
importance of determining the extent to which feral predators use forest habitats in 
south-east NSW. 
5.1.1. AIMS 
The primary aim of this investigation was to examine the presence and abundance of 
feral predators in three broad forest habitat types within the region. These were: 
1. 'Road' habitat, which was defined as roads and road-side verges; 
2. 'Edge' habitat, which was defined as the area from the road-side verge boundary 
up to 500 m into adjacent forest; and 
3. 'Remote' habitat, which was defined as unlogged forest habitat occurring at least 
1.5 km from the nearest road. 
Surveys were not conducted between 500 m and 1.5 km from roads. This was to 
maximise the likelihood that the data were independent, that is, to ensure that animals 
did not follow the sampling transects into interior forest areas. 
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The second aim of this investigation was to examine the use of 'habitat in the vicinity 
of roads' (HVR) and 'habitat away from roads' (HAR) by feral predators. HVR 
included road and edge habitat (i.e., the road and area less than 500 rn from a road). 
HAR was defined as areas more than 500 m from a road. 
The null hypotheses tested were: (i) that there was no significant difference between 
the abundance and distribution of feral predators in different habitats; and (ii) that 
feral predators use HVR and HAR habitat in proportion to their occurrence in the 
landscape. 
5.1.2. BACKGROUND TO THE INVESTIGATION 
The presence and abundance of feral predators on roads and in edge and remote forest 
habitat, and their relative use of HVR and HAR (i.e., the time feral predators spend in 
these habitat types) in forest ecosystems is unknown. This information is important 
for determining: 
1. Whether roads facilitate the ingress of feral predators into undisturbed forest 
habitat; 
2. The optimum shape, size and configuration of forest areas, or patches, which have 
been excluded from logging (e.g., reserves, wildlife corridors) for conservation 
purposes; and 
3. The efficacy of feral-predator control programs, such as poison-baiting regimes. 
A detailed review of the current knowledge of the use of these types of habitats by the 
Cat, Fox and dog was provided in Chapter 2. A brief summary of this information is 
provided below with specific reference to the aims of this chapter to emphasise the 
need for such research. 
Roads As Conduits For Feral Predators Into Forest Environments 
Roads have been identified as potential conduits for the movement of feral predators 
into environments which may otherwise be inaccessible to them, such as closed 
eucalypt forest. Anecdotal evidence suggests that feral predators use roads for 
movement in Australian forest ecosystems (e.g., Taylor et al. 1985; Bennett 1990; 
Lumsden et al. 1991). Other studies indicate that roads are not important in regard to 
the distribution and abundance of feral predators (e.g, Catting and Burt 1995a). 
However, to date there have not been any specific surveys of feral predators in forest 
habitats away from roads. 
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Roads to private property and stock routes have been established for approximately 
100 years in the Eden Management Area (EMA) (Forestry Commission of NSW 1992). 
It is therefore possible that feral predators have had relatively easy access to the 
forests of south-east NSW since the late 1800s. 
The presence and abundance of feral predators in 'roaded', 'edge' and 'remote' forest, 
and their use of HVR and HAR has not been investigated in the EMA. Knowledge of 
this could elucidate the importance of roads for feral predator movement. It could 
also provide information on the implications of future road construction in these 
forests in terms of facilitating access of feral predators into forest areas. 
Use Of 'Habitat In The Vicinity Of Roads' And 'Habitat Away From Roads' By Feral 
Predators 
Information on the extent to which feral predators use HVR and HAR may be used to 
guide the management and design of reserved forest areas, such as wildlife corridors 
(May 1997). Some studies conducted overseas have found evidence of a predation 
gradient within habitat fragments. For example, research conducted in the Northern 
Hemisphere has shown that levels of predation by a variety of bird and mammal 
predators may be higher at habitat boundaries and may extend up to 600 m into forest 
habitats (Wilcove 1985; Andren and Angelstam 1988). Conversely, there are also 
studies that have found no evidence of a predation gradient in forest fragments 
(Rudnicky and Hunter 1993). 
If predation levels are higher in edges up to 600 m from a road, then reserved areas 
and wildlife corridors less than approximately 1.5 km wide may not provide adequate 
refugia for native fauna from feral predators. Although this study did not attempt to 
measure directly the levels of predation by feral predators at increasing distances from 
roads, information on the use of 'edge' habitat by feral predators was assumed to be 
indicative of potential levels of predation at increasing distances from roads. 
Control Of Feral Predators In The Forests Of South-East NSW 
Knowledge of the distribution and abundance of feral predators in 'roaded', 'edge' and 
'remote' forest habitat may aid the development of effective predator control 
programs. During the period of this study, poison-baiting regimes in the region 
occurred once per year along roads (see Chapter 4.1.4). 1his baiting regime will only 
be successful in controlling feral predators if: (i) feral predator populations are largely 
restricted to roads; (ii) the frequency of poison-baiting programs is sufficient to 
maintain feral predator populations at low levels; and/ or (iii) if all individuals in the 
population consume baits when they are encountered. Therefore, the extent to which 
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feral predators were found away from roads - and the degree of use of HVR and 
HAR by these species - was considered to be important. 
5.2. METHODS 
Two methods were employed in this investigation. Hair-tube surveys were used to 
investigate the presence of feral predators in 'roaded', 'edge' and 'remote' forest 
habitat, and radio-telemetry to investigate their use of HVR and HAR. 
5.2.1. USE OF 'ROADED', 'EDGE' AND 'REMOTE' HABITAT BY FERAL PREDATORS -
HAIR-TUBE SURVEYS 
Hair-tubes provide a relatively efficient and effective means of surveying some species 
of mammals: they are readily installed in the field, require little maintenance, and can 
be left in the field for several weeks. However, this technique has its disadvantages. 
For example, hair-tubes do not provide reliable information on abundance; the 
response of individuals to lures may differ and may be influenced by seasonally-
related behavioural changes; and they may not detect some species (e.g., the Fox; see 
Chapter 4.4.1). 
Alternative techniques such as spotlighting, scat surveys and the use of scent-stations 
have practical limitations that prohibit their use off roads. For example, scent-stations 
are impractical within forest habitats as they require the transportation of a suitable 
surface medium, such as sand, over considerable distances. In this study, seven 
buckets of sand were required per scent-station, making this method impractical in 
remote forest environments. In addition, scent-stations require frequent checking 
(ideally every one or two days). This is time consuming and impractical in areas that 
are inaccessible by vehicles. 
Surveying predators using spotlights also was deemed to be inappropriate. As can be 
seen from the results in Chapter 4, spotlight surveys were ineffective for detecting feral 
predators on roads. This technique was considered to be even less appropriate off 
roads, as conducting night surveys on foot in densely-vegetated areas, such as forests, 
can be impractical and noisy- a factor likely to scare animals away from the 
observer. 
Conducting scat surveys off roads also was impractical as scats can be difficult to 
detect in vegetated areas except, perhaps, where a dog has been trained to locate scats 
(David Moore, University of New England NSW, pers. comm.). 
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Despite the limitations of hair-tubes, the problems with other techniques listed above 
meant they were considered to be the most practical means to survey feral predators 
away from roads. 
'Roaded' And 'Edge' Habitat Surveys 
A 500 m hair-tube transect was established at each site in the coastal and escarpment 
area (n = 30; see Chapter 4.2.4). Hair-tubes were positioned every 100 m for 500 m 
into adjacent unlogged forest (Figure 4.2). The transects were either perpendicular to 
the road or followed a natural topographical feature such as a ridge or gully that was 
approximately at a right-angle to the road. Every two months for a period of one year, 
from March 1994 to January 1995 (Table 4.2), tape was removed and replaced from 
each hair-tube. A total of six hair-tube surveys was undertaken (see Chapter 4.2.4 for 
more detail). 
'Remote' Habitat Surveys 
Surveys in 'remote' forest for feral predators involved the identification of 'remote' 
areas. 'Remoteness' was defined as areas at least 1.5 km from the nearest road or 
utility corridor (e.g., powerlines). This definition was consistent with that proposed 
by the Australian Heritage Commission for the identification of wilderness areas (e.g., 
Commonwealth of Australia/State of Victoria 1996). 
'Remote' habitat was identified by scrutinising 1:25 000 maps that had been obtained 
from State Forests of NSW and the Victorian Department of Natural Resources and 
Environment. From these it was ascertained that there were few forest areas in south-
east NSW located more than 1.5 km away from roads (Figure 5.1). 
Three National Parks in the region contained forest areas that were considered to be 
'remote'. These were Nalbaugh, Nungatta and Wadbilliga National Park. However, 
the terrain characteristics of these areas differed substantially from the terrain that 
characterised the majority of State Forest in the region. For example, Wadbilliga 
National Park covers an extensive area of very rugged terrain and Nungatta National 
Park is a plateau. The terrain of these National Parks was not comparable to the 
terrain of the rest of the study. Thus, these areas were deemed unsuitable for survey. 
A suitably remote area, although not particularly large in size, was identified within 
Glenbog State Forest (Figure 5.1). 'Remote' habitat also was identified within 
Coopracambra-Kaye National Park, in Victoria. This area is bordered by Yambulla 
Peak Track in the west, Wangarabell road in the east, WB Line Road in the south, and 
the NSW border in the north (Figure 5.1). The degree of 'remoteness', and type of 
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terrain was comparable to the areas of State Forest where the rest of the study took 
place. 
In both remote Glenbog State Forest and Coopracambra-Kaye National Park, hair-tube 
transects were established at least 1.5 km from the nearest road and, for comparison, 
along the roads which bordered these two areas. 
In Coopracambra-Kaye National Park, one remote hair-tube transect was established 
on a ridge and another along a creek (Figure 5.2). Hair-tubes were spaced 100 m apart 
and each transect consisted of 30 hair-tubes (n = 60). The same number of hair-tubes 
was established along roads bordering the area (Figure 5.2). A total of 120 hair-tubes 
was used. Hair-tubes were placed in the field in May and recovered, after four weeks, 
in June 1995. 
In Glenbog State Forest, four transects each comprising 15 hair-tubes (n = 60) spaced 
100 m apart were established at least 1.5 km from roads or tracks (Figure 5.3). Each 
transect was separated by more than 1 km. Concurrently, two transects of the same 
form were located along New Line Road and Postman's Track (Figure 5.3). A total of 
120 hair-tubes was used. Hair-tubes were placed in the field in May and recovered in 
late July 1995. 
The hair-tubes in Glenbog State Forest were to have been collected after four weeks. 
However, unforseen circumstances meant these hair-tubes were collected after a period 
of 12 weeks. Given the time discrepancy, the results from Coopracambra-Kaye 
National Park and Glenbog State Forest were not comparable. 
Hair Identification 
Hair-samples were sent to Ms. B. Triggs for analysis. Hair-samples that were 
unequivocally identified as belonging to a particular species were referred to as 
'definite' records; those that were not able to be given a definite identification were 
referred to as 'probable' records. 'Definite' and 'probable' records were used in the 
analyses. 'Definite' records were considered to represent the minimum number of 
animals to have visited hair-tubes during the survey. 'Definite' and 'probable' records 
were considered to represent the maximum number of animals to visit hair-tubes 
during the survey. 
Figure 5.1 - Remote areas in the eucalypt forests of south-east NSW and north-east 
Victoria. Identification of remote areas followed that of the Australian Heritage 
Commission. 
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transects. Pixel size = 25 m. 
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Figure 5.3 - Location of hair-tube transects in Glenbog State Forest remote area, NSW. 
Dotted lines represent the approximate location of tracks in the area. Black lines represent the approximate location of hair-tube 
transects. Pixel size = 25 m. 
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5.2.2. USE OF 'HABITAT IN THE VICINITY OF ROADS' AND 'HABITAT AWAY FROM 
ROADS' BY FERAL PREDATORS - RADIO-TRACKING 
Radio-tracking is a direct method for obtaining information on the use of different 
habitats by the Cat, Fox and dog (Kolb 1985; Konecny 1987; Phillips and Catling 
1991; Thomson 1992b). Radio-tracking determines the location of an animal via a 
radio-receiver and directional antenna that traces the source of a signal coming from a 
radio transmitter that is attached to an animal. 
Radio-tracking has several distinct advantages and disadvantages compared with 
'passive' survey techniques (e.g., hair-tubes). The advantages include the ability to: (i) 
precisely identify individual animals; (ii) calculate the time an animal spends in 
different habitats; (iii) calculate the home-range size of individual animals; and (iv) 
obtain information on intra- and interspecific interactions (White and Garrott 1990). 
Radio-tracking also has several limitations including: (i) problems associated with 
signal strength and accuracy in areas with dense vegetation; (ii) the increased time, 
expense and expertise required to conduct radio-tracking studies compared to passive 
survey techniques; (iii) the cost of equipment; and (iv) the number of people required to 
effectively monitor collared animals. 
There were four distinct stages of this radio-tracking study: 
1. The identification of appropriate sites; 
2. Trapping and fitting animals with radio-collars; 
3. Radio-tracking; and 
4. Data analysis. 
1. Identification Of Appropriate Sites 
The ability to receive radio-signals was a critical factor in determining a suitable 
location for this investigation. Given that the study was undertaken in a forest 
environment, it was important that the area had accessible vantage points (i.e., high 
areas) to aid signal reception. 
As mentioned above, several logistical factors were considered when designing this 
radio-tracking study. Factors taken into account when choosing appropriate areas for 
this study were: 
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1. The presence of the Cat, Fox and dog. Information obtained from scat, hair-tube 
and scent-station surveys allowed the identification of sites where feral predators 
were present. 
2. The ability to receive transmitter signals. The nature of the vegetation and terrain in 
the study region made radio-signal reception problematic, for example, forest 
vegetation and hills can obscure radio signals. To overcome this problem, the study 
area needed to have accessible locations, such as open ridges, that were higher than 
the surrounding countryside. 
3. Accuracy of 'fixes'. Another problem often encountered with radio-tracking 
animals - particularly highly-mobile animals - is the accuracy to which they can 
be located in the landscape. Vegetation can cause radio signals to 'bounce' resulting 
in the signal being deflected over several degrees. As the primary aim was to 
investigate the use of HVR and HAR by feral predators, the observer needed to be 
confident that the animal was in either one of these habitats. As a result, the area 
to be surveyed had to contain relatively few roads. HVR incorporated 'roaded' 
and 'edge' habitats. That is, it included roads and the habitat within 500 m of a 
road. 'Roaded' and 'edge' habitats were grouped as it was found that 'fixes' were 
not accurate enough to locate animals within a 500 m area. 
Scrutiny of all the available study sites revealed that only a few areas met the 
requirements to enable effective radio-tracking. These sites were located in the 
northern part of the coastal area on Dobbyns road and Causeway road (Figure 5.4). 
2. Trapping And Fitting Animals With Radio-Collars 
Trapping was undertaken from the 5th February- 3rd March 1995. Two trapping 
sessions were undertaken during this time, which amounted to 164 trap-nights. The 
first was conducted over four days from the 6th -10th February 1995. The second 
was conducted over 12 days from the 22nd February _3rd March 1995. Two trap-lines 
were established during the first trapping session, one along Dobbyns road and the 
other along Causeway road (Figure 5.4). Eleven trap stations were established along 
Causeway and Dobbyns roads during this time. Trap stations consisted of two Victor 
Soft-Catch® size 11/2 offset, rubber jaw, leg hold traps (Woodstream Corporation, 
USA) secured to a star-picket that was buried or obscured from view if the ground 
was too hard for burial (Plate 5.1 and 5.2). 
A variety of baits was used to lure the animals to the trap sites. These were: (i) 
commercial catnip extract; (ii) freshly-crushed catnip leaves; (iii) sardines; (iv) lamb 
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offal; and (v) canine lurel3. Traps were checked twice daily, in the morning and late 
afternoon. Target animals were sedated with appropriate doses of 'Zoletil 100' and 
fitted with radio-transmitters (purchased from Sirtrack Limited 14) attached to collars. 
The animals were left in a concealed position to recover. 
3. Radio-Tracking 
Transmitters were designed to minimise the time required to locate the signal. In this 
regard, each transmitter emitted a signal at 100 pulses/minute. The frequencies were 
on 150 MHz range and transmitters had an effective life of about 111 days. 
A combination of 'Telonix' receivers (hired from NSW National Parks and Wildlife 
Service) and a 'REGAL 2000' 4-element telemetry receiver (Titley Electronics; 
borrowed from ACT Department of Environment, Land and Planning) with 6-elernent 
yagi directional antenna's (borrowed from ACT Department of Environment, Land 
and Planning and Bio-telemetry Trackingl5) were used. The 4-element directional 
antenna was found to be ineffective in detecting signals in this environment. 
A preliminary study was undertaken prior to radio-tracking to determine the accuracy 
with which animals could be located (i.e., 'fixes') in the environment. Initially, five 
'dummy' collars were placed in the field at various locations and distances from the 
road (on the road, 500 m from the road and 750 m from the road). Attempts were 
then made to locate the collars from various vantage points. It was not possible to 
obtain two 'fixes' simultaneously; generally the signal could only be received from one 
location at a time. This was probably due to the variable terrain and the density of the 
forest vegetation. Nevertheless, the signal direction and strength allowed conclusions 
to be made on the proximity of the reference radio-transmitters to the road (i.e., less 
than 500 m or more than 500 m from the road). 
Prior practice by field-volunteers using the radio-receiving equipment to estimate the 
positions of the dummy collars allowed them to gauge the relationship between the 
strength of the incoming signal and the distance from the road. The dummy collars 
were initially used to calibrate the strength and location of the signal during radio-
tracking, allowing conclusions to be drawn on the approximate distance of the animals 
from the road. Unfortunately, once radio-tracking was underway, it was found that 
the dummy collars interfered with, or swamped, the signal of the collared animals, so 
they were removed. 
13 Supplied by Paul Meek (National Parks and Wildlife Service, Jervis Bay). 
14 Sirtrack Limited, Private Bag 1403, Goddards Lane, Havelock North, New Zealand. 
15 Bio-telemetry Tracking, 18D Magill Rd. PO Box 187, Kent Town, South Australia 5071. 
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Data obtained on the direction and strength of the signal provided information on the 
extent to which animals used roaded and non-roaded habitat. Subsequent locations 
were classified as either HVR or HAR. Radio-tracking was undertaken from 29th 
March - 7th May 1995. 'Fixes' were obtained at approximately thirty minute intervals 
whenever possible. 
4. Analysis Of Radio-Tracking Data 
It was important that the 'fixes' were independent. That is, that the animal's observed 
position had not been influenced by its past positions (Swihart and Slade 1985). As a 
rule of thumb, independence of observations refers to the time it would take an animal 
to traverse any part of its range (White and Garrott 1990). Generally it is only in 
hindsight (i.e., after the radio-tracking study is completed) that the appropriate time 
interval between successive 'fixes' to ensure independence can be more confidently 
assumed. In this study, independence was arbitrarily assumed after at least 60 
minutes had elapsed. 
The area of HVR and HAR in the animal's home-range was determined after the horne-
range was estimated from the radio-tracking data. Standard home-range estimation 
software packages (e.g., Minimum Convex Polygon) could not be used, as precise 
'fixes' could not be obtained. Home-range size was broadly estimated by overlaying 
the telemetry data on topographical maps. It was assumed that: (i) signals could only 
be received within 2 km; and (ii) signals could not be received if the animal was behind 
prominent ridges. The hypothesis that "feral predators use habitat in proportion to its 
availability" was tested by using a Chi-squared 'goodness of fit' test (Neu et al. 1974; 
Alldredge and Ratti 1986). 
Chapter 5: 161 
Plate 5.1 - Victor 'soft-jaw' traps. 
Plate 5.2 - Example of a trap site. NB. Stocking contains cotton wool sprayed with 
catnip (not all sites had this). 
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Figure 5.4 - Location of trap-lines on Causeway and Dobbyns road (indicating 
placement of reference transmitt€rs and trap sites). The area is located in the north of 
the coastal area . 
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5.3. RESULTS 
5.3.1. USE OF 'ROADED', 'EDGE' AND 'REMOTE' HABITAT BY FERAL PREDATORS-
HAIR-TUBE SURVEYS 
'Roaded' And 'Edge' Habitat Surveys 
Twenty records of the Cat and 34 records of the dog were obtained from hair-tubes 
during the study. This represented approximately 5% of the total number of hair-
tubes. Of these, 40 were definite and 14 were probable records. 
The Cat and dog from the coastal and escarpment area were detected at all distances 
from roads up to 500 m into undisturbed forest habitat (Figure 5.5). The small number 
of records precluded statistical analysis of the data. The Fox was not detected by 
hair-tubes. 
Remote Area Surveys - Coopracambra-Kaye National Park 
Of the total number of hair-samples retrieved from hair-tubes in Coopracambra-Kaye 
National Park (n = 38), six (26%) were from feral predators. Five hair-tubes contained 
hair from the dog and one hair-tube contained hair from the Cat. Four of the dog hair-
samples were found in hair-tubes located on roads. One dog's and one cat's hair-
sarnple were found in hair-tubes placed in remote locations. The Fox was not 
detected. However, one dog and one Fox scat were found at least 2 kms from the 
nearest road in this area. 
Remote Area Surveys - Glenbog State Forest 
Of the total number of hair-samples retrieved from hair-tubes in Glenbog State Forest 
(n = 10), three (30%) were from the dog. Two of these hair-samples were found in 
hair-tubes on roads. The other one was found in a hair-tube located approximately 2 
km from the nearest road. The Cat and Fox were not detected. However, several 
scats of the dog and Fox were found in remote locations. 
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Figure 5.5 - The total (i.e., definite and probable records) and definite records of the 
Cat and dog found in hair-tubes 0-500 m away from roads in the escarpment and 
coastal areas. 
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5.3.2. USE OF 'HABITAT IN THE VICINITY OF ROADS' AND 'HABITAT AWAY FROM 
ROADS' BY FERAL PREDATORS-RADIO-TRACKING 
Trapping Success 
The first trapping session was unsuccessful. During the second trapping session, two 
cats were captured. The first animal, referred to hereafter as Animal #1, was caught 
on 23rd February 1995 at the junction of the Causeway and Whipstick roads (Plate 
5.3; Figure 5.6). The second cat, hereafter referred to as Animal #2, was caught 1 km 
from Animal #1 on Whipstick road (Figure 5.6). Animal #1 was an adult male and 
Animal #2 was an adult female. 
Radio-Tracking 
Once radio-collars were fitted, Animal #1 and Animal #2 were located using the 
receiving equipment once per day for 11 and eight days respectively during the period 
that trapping was being undertaken. This was done to determine their general location 
for future reference. Animal #2 was not detected after approximately four days. Only 
Animal #1 could be radio-tracked in this study. 
During the formal radio-tracking period efforts to locate Animal #1 were made every 
30 minutes. Although in general there was no difficulty in locating Animal #1, it was 
not possible to obtain accurate 'fixes' using triangulation. A total of 74 'fixes' was 
obtained for Animal #1 over the study period (24 hrs / day for 10 days); 43 of these 
were considered to be independentl6. Table 5.1 gives the total number of 'fixes' 
obtained during morning, afternoon, evening and night radio-tracking sessions, 
including whether the animal was in the vicinity of roads or away from roads. Less 
than 15% of the number of independent 'fixes' detected Animal #1 in HVR. 
Table 5.1 - The number of 'independent' observations of Animal #1 located in 'habitat 
in the vicinity of roads' (HVR) and 'habitat away from roads' (HAR). 
Number of observations Morning Afternoon Evening Night Total 
6am-12noon 12noon-6pm 6pm-12 12 midnight-
midnight 6am 
HVR (< 500 m) 1 2 1 2 6 
HAR(> 500 m) 8 9 10 10 37 
Total 9 11 11 12 43 
16 Fixes were assumed to be independent after 60 minutes (Section 5.2.2). 
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Plate 5.3 - Animal #1 with transmitter. 
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Activity 
Animal #1 appeared to be active both during the day and at night. It was difficult to 
determine peak periods of activity because of the increasing inaccuracy of 'fixes' at 
increasing distances from the receiver. That is, when Animal #1 was estimated to be 
one or more kilometres away from the receiver, conclusions could not be made about 
whether it was active or at rest. As a consequence, it was difficult to establish 
whether Animal #1 had a permanent den site. 
Home-Range Size And Location 
Using the criteria outlined in Section 5.2.2 the home-range size of Animal #1 was 
estimated to be approximately 422 ha (Figure 5.6); 227 ha (54%) were more than 500 
m from a road and 195 ha (46%) were less than 500 m from a road. The home-range 
size of Animal #1 during the tracking period was confined to a sub-catchment above 
Jingo Creek. Most of the 'fixes' from this animal appeared to centre around gullies 
within the sub-catchment. Animal #1 did not cross the roads which bordered his 
home-range during the radio-tracking period. 
Use Of 'Habitat In The Vicinity Of Roads' Versus 'Habitat Away From Roads' 
To test the hypothesis that Animal #1 used habitat within its home-range in 
proportion to its availability, a Chi-squared 'goodness of fit' test was performed on 
the radio-tracking data (i.e., the number of 'fixes'< 500 m and > 500 m from roads; 
Table 5.2). Animal #1 was found to spend significantly more time in unroaded habitat 
<x2 = 18.32, df = 42, P < 0.005). 
Table 5.2 - The use of 'habitat in the vicinity of roads' versus 'habitat away from 
roads' by Animal #1: x2 goodness of fit test. Expected values were calculated as 46% 
(area of habitat< 500 m from a road) and 54% (area of habitat> 500 m from a road) 
of the total number of observed 'fixes'. NB: statistical independence is assumed. 
Habitat Observed Expected x2 statistic 
HVR ( < 500 m from a road) 6 20 9.80 
HAR (> 500 m from a road) 37 23 8.52 
Total 43 43 18.32 
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Figure 5.6 - The estimated home-range of Animal #1 during the survey period. 
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5.4. DISCUSSION 
5.4.1. HAIR-TUBE SURVEYS 
The Cat and dog were recorded in 'roaded', 'edge' and 'remote' habitats. Although the 
Fox was not detected by hair-tubes, it was detected in all three habitat types by 
observation and scats. 
There were several fundamental problems associated with detecting feral predators off 
roads in this study. These included: 
1. Logistical problems, such as the difficulties associated with accessing areas without 
roads; 
2. Inherent problems, including the difficulty of locating remote areas that were 
sufficiently accessible to undertake the surveys; and 
3. Problems associated with field techniques. Of the techniques used and discussed in 
Chapter 4, only hair-tubes could be successfully employed for off-road surveys. 
However, they were not suitable for detecting the Fox and the results may have 
been affected by individual responses to odours, micro-climatic conditions and 
seasonally related behavioural changes (Turkowski et al. 1983; Mitchell and Kelly 
1992; Smith et al. 1992; Robertshaw and Harden 1986; Clapperton et al. 1994). In 
addition, hot and dry conditions, or excessive rainfall, may have affected the length 
of time hair-tubes remained operational (Chapter 4 discusses the problems 
associated with interpreting results from hair-tube surveys). 
5.4.2. RADIO-TRACKING 
Animal #1 showed a significant preference for HAR. Although almost half (195 ha) of 
the estimated home-range of Animal #1 was within 500 m from a road, less than 15% 
of the 'fixes' detected it in this area. If this animal was using each habitat type in 
proportion to its availability, then it would have been expected to use areas within 500 
m of a road approximately 50% of the time. This result was significant (P < 0.005). 
The reasons for this were not able to be assessed (see below). 
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There were several limitations in interpreting data obtained from this radio-tracking 
study, including: 
1. The Limited Sample Size 
Only one cat was successfully radio-tracked in this study, thus the results were only 
relevant to that animal. General inferences on the use of HVR and HAR by the Cat, 
Fox and dog could therefore not be made. As a general rule, it has been suggested that 
at least 50 independent observations on at least 20 individuals of a species are 
required to adequately test hypotheses using radio-tracking data (Alldredge and Ratti 
1986). The relatively large home-range sizes of these predators, logistical difficulties, 
expenses associated with conducting radio-tracking studies, and the suggested number 
of animals and 'fixes' required to unequivocally test hypotheses, make the costs of 
radio-tracking difficult - particularly for carnivores. However, small-scale radio-
telemetry studies such as this one can be used for preliminary investigations. 
2. The Location Of Roads In The Study Area 
The nature of the forest landscape in the study region and problems inherently 
associated with radio-tracking made the conclusions of this study tentative. To 
successfully radio-track animals, the signal must be received. In forest environments, 
vegetation can impede the signal and causes the signal to bounce, especially in wet 
weather. In this study, the dense vegetation made it necessary to select potential areas 
with accessible vantage points, such as ridges. However, given that roads in this 
region are often located on ridges, interpretation of the results in terms of the use of 
roads by the animal was problematic. It was possible that the animal preferred lower 
slopes compared to ridges, as opposed to preferring HVR rather than HAR. 
Unfortunately, accurate 'fixes' of animals in this study could not be made and thus 
this hypothesis remains untested. 
3. The Time Period 
The study occurred over a relatively short period of time. It was possible that Animal 
#1 may have used different parts of his home-range according to seasonal variation in 
the pattern of resource distribution 17. 
Given the problems outlined above, it must be stressed that this was an exploratory 
investigation. The results from the analyses were not considered to be a reliable test of 
the null hypothesis that feral predators use HVR and HAR in proportion to their 
17 Eighteen months after the radio-tracking study was completed, Animal #1 was shot 6 -7 
km from where it was trapped. 
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occurrence in the landscape. However, it was clear that Animal #1 rarely used roads 
or habitat within 500 m of a road during the radio-tracking period. 
5.4. SUMMARY 
The results from hair-tube surveys clearly showed that the Cat and dog used roaded', 
'edge' and 'remote' habitat. The Fox was also detected in these habitats from scats 
and direct observation. In addition, one cat preferred habitat away from roads 
compared to habitat in the vicinity of roads. 
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6 
THE DIET OF THE FOX AND DOG IN 
THE EUCALYPT FORESTS OF SOUTH-EAST 
NEW SOUTH WALES 
6.1. INTRODUCTION 
In addition to obtaining information on the distribution and abundance of feral 
predators, knowledge of their diet and the extent to which they are selective or 
opportunistic in their choice of prey is important for understanding the potential 
impacts they have on native mammals. This information can also guide the location 
and intensity of feral-predator control-operations. For example, if species of concern 
- such as those listed in State and Commonwealth threatened-species legislation-
are found to be at risk of predation by feral predators, then it may be important to 
concentrate control efforts in areas where these species occur. 
This chapter investigated the diet of the Fox and dog in the study region. Information 
on their diet was used to explore the relationship between the relative abundance of 
large and medium-sized mammal species and their occurrence in the diet of the dog 
and Fox. Only the Fox and dog were considered because information on the diet of the 
Cat was not obtained (see Chapter 4). 
6.1.1. AIMS 
The primary aims were to: 
1. Determine the composition and relative occurrence of prey species in the diet of the 
Fox and dog in the forests of south-east NSW; 
2. Assess the 'relative risk' of mammal species to being preyed upon by the Fox and 
dog; and 
3. Explore the extent to which the Fox and dog are selective or opportunistic 
predators. 
The null hypotheses tested were: 
(i) Prey species were equally at risk to being preyed upon by the Fox and dog; and 
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(ii) The occurrence of medium-sized and large prey species in the diet of the Fox and 
dog reflected estimates of relative abundance of those species. That is, these 
species were preyed upon opportunistically by the Fox and dog. 
6.1.2. ASSESSING THE DIET OF CARNIVORES 
Information on the range and quantity of prey consumed by carnivores depends on 
reliable dietary analyses. Two methods commonly used to determine the diet of 
carnivores are stomach content analysis and faecal (scat) analysis. 
Scat analysis has advantages over stomach content analysis as scats are easily 
collected and it does not involve the removal of animals from the study population. 
Thus, it also provides an opportunity to collect dietary in.formation from the same 
population over time. 
The disadvantages of scat analysis include: 
1. Difficulty determining the 'soft-bodied' components of the diet (e.g., frogs, slugs, 
worms) because these do not leave readily identifiable remains (Brurmer and Wallis 
1986; Reynolds and Aebischer 1991); 
2. Some taxa are differentially digested. For example, bird remains do not emerge 
from the digestive process as well as mammal remains (Reynolds and Aebischer 
1991). Similarly, small mammalian prey may be less evident in scats than in the 
stomach contents (Brunner and Wallis 1986). Mammals with an adult body weight 
less than 100 g are less detectable in scats than larger species (Floyd et al. 1978; 
Meriwether and Johnson 1980). Consequently, the importance of small prey in the 
diet of carnivores may be under-estimated. Conversely, larger prey, including larger 
individuals of a species (e.g., adults), are detected more often (Weaver and 
Hoffman 1979). The detectability of larger species can exceed 100% as the 
diagnostic parts of an individual may be excreted in several scats. In addition, the 
remains of larger species may provide more than one meal for a carnivore. As a 
result, the importance of larger prey in the diet may be overestimated; and 
3. Difficulty determining the number (volume) of individuals of different prey species 
consumed. For example, several individuals of one species (high volume) and only 
one of another (low volume) may be consumed by a predator, however scat 
analysis can not distinguish such differences. Scat analysis can only yield 
percentage occurrence (Brunner and Wallis 1986). Although stomach content 
analysis can provide additional information on the volume of prey, Brunner and 
Wallis (1986) found that the relative proportions of each prey species in the diet of 
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feral predators was similar for volume and percentage measurements (Table 6.1). 
Similarly, Corbett (1989) found no significant differences between frequency of 
occurrence, relative weight of remains, and biomass of ingested prey types for 
ranking the importance of prey in the diet of the dingo, provided that at least 70 
scats were used in the analysis. 
Table 6.1 - Important mammalian food items found by stomach content analysis of the 
Cat, Fox and dog; V = % by volume each species comprised in predator stomachs; 0 
= % occurrence of each prey species in predator stomachs (Source: Brunner and Wallis 
1986). 
Dog Fox Cat 
Species v 0 v 0 v 0 
Swamp Wallaby 14.8 23.5 1 2.5 - -
Eastern Grey Kangaroo 9.6 6.2 - - - -
Common Wombat 10.2 19.9 <1 1 - -
Brushtail possums 8.5 6.2 1.6 2.2 1.9 1.2 
Common Ringtail Possum - - < 1 1.1 6.6 3.7 
Rattus spp. - - - - 6.5 6.2 
House mouse - - 19.5 31.1 18.1 18.5 
Rabbit 6.7 6 34.7 38.8 40.1 16.5 
Sheep 3.9 4.2 - - <1 1.2 
Cow 4.3 3 <1 1 - -
% of all mammals 72 109 81 87 88 67 
Many Australian studies have analysed scats to investigate the diet of feral predators 
(Brunner et al. 1975, 1976; Jones 1977; Bayly 1978; Seebeck 1978; Newsome et al. 
1983a; Triggs et al. 1984; Robertshaw and Harden 1985; Woolley et al. 1985; Catling 
1988; Brown and Triggs 1990; Lunney et al. 1990). Several of these studies were 
conducted in south-east NSW and near-by in East Gippsland, Victoria (Newsome et 
al. 1983a; Triggs et al. 1984; Brown and Triggs 1990; Lunney et al. 1990). This enabled 
a comparison between the results from those studies and this one. 
6.1.3. OPPORTUNISTIC VERSUS SELECTIVE PREDATION BY FERAL PREDATORS 
Knowledge of whether prey species are consumed opportunistically or selectively is 
important for assessing the potential impact of feral predators on prey populations. 
Opportunistic hunting occurs when individuals of species are taken when they are 
encountered. That is, the occurrence of prey species in the diet is usually in proportion 
to the abundance of that species. Selective hunting occurs when some species are 
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preferentially preyed upon, and is generally not related to their abundance. Detailed 
discussion of the factors that influence the choice of prey by predators is provided in 
Chapter 2 (Section 2.3.1). 
One way of investigating whether carnivores are opportunistic or selective in their 
choice of prey is to examine the relationship between the occurrence of prey in the diet 
and the abundance of those prey in the field (e.g., Green and Osborne 1981; Newsome 
et al. 1983a; Robertshaw and Harden 1986; Marlow 1992). As mentioned above, the 
composition and relative proportions of prey in the diet of carnivores can be 
determined from scat analysis. To derive estimates of relative abundance and 
information on the distribution of medium-sized and large mammalian prey spotlight 
surveys can be used (e.g., Kavanagh and Bamkin 1995). However, spotlight surveys 
do not yield information on the abundance of small ground-dwelling mammals. 
Trapping techniques are commonly used to obtain this information (e.g., Laurance 
1992; Catling and Burt 1994). 
Several factors must be considered when attempting to establish the relationship 
between the occurrence of prey in the diet of carnivores and their abundance in the 
field. The first is associated with reliably determining the composition and relative 
importance of prey in the diet. This has been described above (Section 6.1.2). The 
second is associated with the availability of prey to predators, rather than their 
abundance per se. The proportion of prey populations that are available to carnivores 
may not be related to their abundance. Factors such as the age of the predator and the 
prey may influence the availability of prey to predators (Chapter 2.3.1). For example, 
young animals may be more vulnerable to predation than older, more experienced 
animals. 
The third factor is associated with reliably assessing the abundance of prey 
populations in the field. Some species may be less detectable using a particular survey 
technique compared to others. For example, the Broad-toothed Rat is considered to be 
'trap-shy' (Wallis et al. 1982), and thus its abundance cannot be detennined by using 
trapping methods. Similarly, spotlight surveys may not provide accurate estimates of 
the abundance of different species: some species may be more detectable than others 
and the density of the vegetation may influence the success of spotlight surveys. 
However, for the purposes of this study it was assumed that spotlight surveys 
provided an indication of the relative abundance of large and medium-sized prey over 
the study period. 
The fourth is associated with the appropriate choice of statistical methods for 
analysing data also. Different analyses can yield different results. For example, the 
linear regression techniques used by Marlow (1992) to test the relationship between the 
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occurrence of prey in the diet of the Fox and field abundance of prey gave non-
significant results, whereas canonical correlation analysis indicated a highly significant 
relationship. To ensure the correct application of statistical methods in this study, 
statistical advice and guidance was provided by Ross Cunningham (Statistical 
Consulting Unit, ANU). 
6.2. METHODS 
6.2.1. SCAT ANALYSIS 
In this study scat analysis was preferable to stomach content analysis because it 
allowed the predator populations to remain intact, which enabled intra and inter-
specific comparisons of the diet of the Fox and dog over time and between each area. 
It was also the most efficient means of obtaining information on the diet of these 
species, particularly as the collection of scats was used to address other key questions 
of this research (Chapter 4). 
Scats collected to provide information on the distribution and relative abundance of 
the Fox and dog were also used to determine their diet. Section 4.2.2 describes the 
scat collecting procedure. Briefly, scats were collected from 30 transects (15 
transects/ area) every second month, from December 1993 to December 1994. 
Scats were oven dried at 80°C for a minimum of three days to destroy potentially 
harmful parasites. They were then sent to Ms. Barbara Triggs for analysis. 
Dietary Analysis 
Mammalian prey were identified by hair samples and fragments of teeth and bone, 
and were classified to genus or species level. There was no attempt to classify insects, 
birds, reptiles, crayfish and vegetation any further than these broad categories. 
Mammals were grouped into three categories based on their average adult body weight, 
viz:- small, medium-sized and large (Brown and Triggs 1990). Information on the 
average adult body weight was obtained from Strahan (1995). The definition of each 
category was: 
1. Small - mammal species with an adult body weight (abw) of< 0.75 kg; 
2. Medium-sized-mammal species with an abw between 0.75-10 kg; and 
3. Large -mammal species with an abw of> 10 kg. 
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Relative Occurrence Of Species In The Diet Of The Fox And Dog 
The relative occurrence of prey species in the diet of the Fox and dog was used to infer 
the importance of different species in their diets. This was determined by calculating 
the percentage frequency of occurrence: 
'relative occurrence' = ni / N x 100 
where ni represents the number of scats in which the ith prey species was recorded and 
N is the total number of scats. 
Paired Mests were used to investigate whether there were significant differences in the 
occurrence of different prey species in the diet of the Fox and dog from the coastal and 
escarpment areas. 
Dietary Breadth And Dietary Overlap Of The Fox And Dog From The Coastal And 
Escarpment Areas 
The breadth of the diets of the Fox and dog and the level of overlap between their 
diets was assessed. 'Dietary breadth' was defined as the variety of mammalian 
species in the diets of the Fox and dog from the coastal and escarpment areas. 
'Dietary overlap' was defined as the extent to which the Fox and dog preyed upon the 
same species. 
'Dietary breadth' (Db) and 'dietary overlap' (D0 ) were calculated according to Pianka 
and Pianka (1976). 'Dietary breadth' was calculated as: 
n 
Db = 1 I l: Pi 2 * 1 I n 
i 
where Pi is the proportion of the ith resource used. When divided by the number of 
different resource categories n (i.e., number of mammal species in the diet), dietary 
breadth estimates vary from a minimum of near zero (l/n - a narrow range of prey) 
to a maximum of one (a broad range of prey). 
'Dietary overlap' was calculated as: 
n _ J n n 
D 0 = l: Pij Pik /'I LPij2 LPik2 
i i i 
where Pij and Pik are the proportions of the ith resource category used by the Fox/ dog 
from the jth and kth habitat. Overlap values obtained from this equation vary from 
zero (no overlap) to one (complete overlap). 
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Relative Risk Of Prey Species To Predation By The Fox And Dog 
The 'relative risk' of a prey species to predation was defined as the likelihood of a 
species being taken as prey by the Fox or dog. It was calculated by the following 
equation (Ross Cunningham, Statistical Consulting Unit, ANU, pers. comm.): 
'relative risk'= log (pd / l-pd / pf/1-pf) 
where pd is the 'relative importance' of a species in the diet of the dog and pf is the 
'relative importance' of a species in the diet of the Fox. 
If the loge ratio of the analysis was positive (i.e., > 0) then it was more likely that the 
species was preyed upon by the dog. If the loge ratio was negative (i.e., < 0) then it 
was more likely that the species was preyed upon by the Fox. If the loge ratio was 0 
then it was equally likely that individuals of that species were taken by the Fox or dog 
(i.e., individuals were equally at risk from being preyed upon by the Fox and dog). 
The use of the terms 'relative risk' and 'risk' is not meant to infer a threat to the 
conservation status of species. Other factors need to be considered before an 
adequate assessment of conservation status can be made (Burgman and Lindenmayer 
1998). 
6.2.2. THE EXTENT TO WHICH THE FOX AND DOG WERE OPPORTUNISTIC OR 
SELECTIVE IN THEIR CHOICE OF PREY 
Linear regression analysis (Pearson's correlation - r) was used to investigate the 
relationship between the abundance of prey and their occurrence in the diet of the Fox 
and dog. A positive correlation between the abundance of prey and their incidence in 
the diet of the Fox and dog was interpreted as suggesting opportunistic predation. No 
correlation (i.e., a straight line) was interpreted as suggesting selective predation by the 
Fox and dog. A negative correlation was interpreted as suggesting no relationship 
between the abundance of prey and their incidence in the diet of the Fox and dog. 
Only species that formed at least 5% of the diet of the dog or Fox were used in the 
analysis. Due to the relatively large number of dog scats collected in each survey 
period from each area, correlations between the abundance of prey and their incidence 
in the diet of the dog was investigated for the escarpment and coastal area. However, 
the number of Fox scats collected in each survey period was relatively small in each 
area. Thus, to minimise errors associated with small sample sizes the coastal and 
escarpment area data for the Fox were combined. 
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The relatively small number of spotlight surveys that coincided with scat surveys (n = 
4) precluded statistical analysis of the data. 
Percentage Occurrence Of Species In The Diet Of The Fox And Dog 
The relative occurrence of species in the diet was obtained using the method described 
above (Section 6.2.1). 
The Abundance Of Potential Prey Species 
Spotlight transects were established at each site as outlined in Section 4.2.1. Mediurn-
sized and large ground-dwelling and arboreal fauna were recorded during spotlight 
surveys. The number of individuals of a species recorded compared to other species 
was assumed to be indicative of the relative abundance of those taxa. 
Roadside vegetation density was also calculated for each area (Section 4.2.1). This 
was done to determine whether differences in estimates of the relative abundance of 
species in each area could be attributed to differences in the ability of spotlights to 
detect animals (Section 4.2.1). It was found that transects in both areas had similar 
visibility estimates (Section 4.3.1). 
A paired t-test was used to investigate whether there was a significant difference 
between the number of animals detected from the coastal and escarpment areas. 
No assessment of the abundance of small mammals was undertaken in this study. 
Small mammals occur patchily throughout the landscape (Boutin 1995). To obtain 
reliable estimates of their abundance, trapping would need to be undertaken 
intensively and over a large area. This was not feasible in this study. 
6.3. RESULTS 
6.3.1. THE DIET OF THE FOX AND DOG IN THE FORESTS OF SOUTH-EAST NSW 
A total of 845 dog and Fox scats was used to analyse the diets of these predators. Of 
these, approximately three-quarters were dog scats (Table 6.2). Twenty-nine species 
were recorded from dog and Fox scats (Table 6.3). If it is assumed that the remains of 
a species in a scat represents one individual, a total of 723 and 231 individuals were 
taken as prey by the dog and Fox, respectively. However, it was possible that: (i) the 
number of small prey was underestimated; and (ii) the number of large prey was 
overestimated (Section 6.1.2). 
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Most of the species in their diet were native taxa (Table 6.2 and Table 6.3) and 
included the remains of two species listed as endangered (the Southern Brown 
Bandicoot and Smoky Mouse), and two species listed as vulnerable (the White-footed 
Dunnart and Long-nosed Potoroo) in the NSW Threatened Species Conservation Act 
1995. Appendix 4 provides information on the mammal species and other taxa 
recorded in dog and Fox scats from each area for each survey period. 
Table 6.2 - Summary of dog and Fox scat content analyses. Figures in parentheses 
indicate the occurrence(%) of native species in the diet. Cf= dog; Vv =Fox; E = 
escarpment area; C = coastal area. 
Area No. of scats No. of prey items No. of mammal species 
Cf Vv Cf Vv Cf Vv 
E 288 77 332 87 20 (70) 15 (80) 
c 350 130 391 144 23 (77) 14 (78) 
E+C 638 207 723 231 27 (67) 17 (78) 
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Table 6.3 - The percentage occurrence of prey in the diet of the Fox and dog; mammals 
have been grouped according to average adult body weight: L = large, M =medium, S = 
small; 0 =other taxa; E =escarpment, C =coastal, T =combined data. 
Size Species/group Dog 
E c T 
L Swamp Wallaby 45.1 36.9 41.2 
L Red-necked Wallaby 0 1.4 0.7 
L Eastern Grey Kangaroo 0.3 0.6 0.4 
L unidentified macropod 0.3 0 0.2 
L Common Wombat 6.2 6.3 6.25 
L Cow 1 2.3 1.7 
L Pig 0.7 0.8 0.75 
L Goat 0 0.3 0.15 
L Sheep 0 0 0 
L Dog 0 0.3 0.15 
Group % 54 50 52 
M Common Ringtail Possum 4.5 11.1 8.1 
M Brushtail possums 6.6 10 8.4 
M Rabbit 8.7 2.9 5.5 
M Long-nosed Bandicoot 2.4 6 4.4 
M Greater glider 2.4 0.3 1.2 
M Short-beaked Echidna 2.4 1.4 1.9 
M Lond-nosed Potoroo t 0 0.3 0.2 
M Southern Brown Bandicoot 
.. 0 0.3 0.2 
M Cat 0.7 0 0.3 
M Fox 0.3 0 0.2 
Group % 28 32 30 
s Antechinus spp, indeterminate 0 1.7 0.9 
s Dusky Antechinus 9.4 6.7 8.4 
s Brown Antechinus 1.7 2 1.9 
s Rattus spp, indeterminate 4.2 4.8 4.5 
s Bush Rat 5.6 3.7 4.5 
s Black Rat 3.8 1.1 2.3 
s Swamp Rat 0 0.6 0.3 
s Water Rat 0.3 0 0.2 
s Sugar Glider 0.7 2.3 1.6 
s Eastern Pygmy Possum 0.3 0 0.2 
s Smoky Mouse• 0 0.8 0.5 
s White-footed Dunnart t 0 0 0 
Group % 26 25 25.S 
0 Aves 5.6 1.4 3.3 
0 Reptile 0.7 0.6 0.6 
0 Insect 0.3 1.7 1.1 
0 Crustacea 0.7 0.3 0.5 
0 Plant 0 0.6 0.3 
Group % 7 5 6 
t Schedule 2 species listed in the NSW Threatened Species Conservation Act 1995 
*Schedule 1 species listed in the NSW Threatened Species Conservation Act 1995 
Fox 
E c T 
11.7 19.2 16.4 
1.3 0 0.6 
0 0 0 
0 0 0 
2.6 0.8 1.4 
0 0 0 
0 0 0 
0 0 0 
0 0.8 0.5 
1.3 0 0.6 
17 21 19 
9.1 11.5 10.6 
3.9 4.6 4.3 
6.8 13.1 11.1 
1.3 4.6 3.4 
1.3 0 0.5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
23 35 30 
0 0.8 0.5 
6.8 12.3 10.6 
10.4 10 10.1 
6.5 6.9 6.8 
14.3 5.4 8.7 
9.1 6.9 6.7 
0 0 0 
0 0 0 
3.9 2.3 2.9 
0 2.3 1.4 
0 0 0 
1.3 0 0.5 
53 47 49 
3.9 0.8 1.9 
3.9 1.5 2.4 
1.3 3.8 2.9 
6.5 2.3 3.9 
3.9 0 1.4 
19 8 12.5 
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Dietary Overlap Between The Fox And Dog 
The degree of overlap in the diets of the Fox and dog was calculated using the formula 
given in Section 6.2.1 and was based on the combined data for all survey periods. 
Analysis of dietary overlap for discrete survey periods was not possible because the 
sample size (number of scats) was too small, particularly for the Fox. 
There was almost complete overlap in the diet of the Fox and dog from both areas 
(Table 6.4). In the coastal area, the Fox and dog had considerable overlap in their diet. 
The overlap was less for the Fox and dog in the escarpment area (Table 6.4). Overall, 
there was moderate overlap between the diets of the Fox and dog(Table 6.4). 
Table 6.4 - Dietary overlap (D0 ) for the Fox and dog from the escarpment and coastal 
areas. These statistics range from near zero (no overlap) to one (complete overlap). 
Non-mammalian components of the diet and remains that could not be identified to 
the species level were excluded from these analyses. 
Comparison Do 
Dog/Fox 0.5916 
Dog escarpment/Dog coastal 0.9647 
Fox escarpment/Fox coastal 0.8967 
Dog escarpment/Fox escarpment 0.6556 
Dog coastal/Fox coastal 0.8041 
Breadth Of Diet - The Dog 
Twenty-seven mammal species, which formed approximately 95% of the diet, were 
recorded from dog scats (Table 6.3). 
Breadth of the diet was calculated by the formula given in Section 6.2.1. The dietary 
breadth of the dog was narrow in each area and overall (Table 6.5). 
Table 6.5 - Dietary breadth (Db) of the dog from the escarpment and coastal areas 
and the combined dietary breadth. The measure n represents the number of mammal 
species detected in the diet of the dog. Non-mammalian components and remains that 
could not be identified to the species level were excluded from the analysis. 
Area Number of scats n Db 
Escarpment 288 20 0.2256 
Coastal 350 23 0.2380 
Combined 638 27 0.1885 
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The Relative Occurrence Of Prey In The Diet Of The Dog 
The most common species in the diet of the dog was the Swamp Wallaby, which 
formed more than 35% of its diet in both areas (Table 6.3). Five species, the Common 
Wombat, Common Ringtail Possum, brushtail possums (Trichosurus vulpecula and T. 
caninus), Rabbit and Dusky Antechinus, formed between 5-10% of its diet overall. 
However, this trend was not consistent within each area. For example, the Conunon 
Ringtail Possum formed less than 5% of the diet of the dog from the escarpment area 
and more than 10% of its diet in the coastal area. The Rabbit formed more than 8% of 
the diet of the dog from the escarpment area and approximately 3% of its diet in the 
coastal area (Table 6.3). Differences were significant for the Common Ringtail Possum 
(paired t-test; df = 5, P = 0.0168) and brushtail possum (paired t-test; df = 5, P = 
0.0103). No significant differences were found for other species that formed more than 
5% of the diet of the dog from either area (Table 6.6). However, normality of the 
distribution could not be tested because of the small sample size. Hence, the results 
were considered to be indicative only and require further investigation before robust 
conclusions can be drawn. 
Reptiles, birds, crustaceans, insects and plant matter combined formed 6% of the diet 
of the dog from both areas (Table 6.3). 
Table 6.6 - Comparison of the relative occurrence of species that formed :?:5% of the 
diet of the dog from the coastal and escarpment areas. The symbol * indicates 
significant differences; DF = degrees of freedom. 
Species DF p 
Swamp Wallaby 5 0.9252 
Common Wombat 5 0.4206 
Common Ringtail Possum 5 0.0168* 
Brushtail possums 5 0.0103* 
Rabbit 5 0.2400 
Long-nosed Bandicoot 5 0.1692 
Bush Rat 5 0.2031 
Large mammals formed more than 50% of the diet of the dog overall (Table 6.3). 
Medium-sized and small mammals were found in approximately 30% and 25% of dog 
scats, respectively (Table 6.3). Domestic species such as the Pig Sus scrofa, Cow and 
Goat Capra hircus were recorded in dog scats, but they were relatively uncommon 
(Table 6.3). The Swamp Wallaby formed 80% of the large mammals recorded in its 
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diet. A more diverse array of native mammal species in the diet of the dog was small 
and medium-sized (Table 6.3). 
Temporal Variation Of Species Th.a.t Formed More Than 5% Of The Diet Of The Dog 
Temporal variation in the diet of the dog could not be tested statistically because data 
were collected for only one year. Thus, the following analysis is descriptive and 
should be considered as an exploratory investigation only. 
Species that formed at least 5% of the diet of the dog overall were included in this 
investigation and included the Swamp Wallaby, Common Wombat, Common Ringtail 
Possum, brushtail possums, Rabbit and Dusky Antechinus. 
The Swamp Wallaby was consistently found in at least 30% of dog scats from both 
areas in each survey period. The Swamp Wallaby, although apparantly less common 
in the diet during March-July in the coastal area and during the March, May and 
September survey periods in the escarpment area, data were inadequate for statistical 
testing to determine if the difference could be a real one or simply a chance occurrence 
in the data (Figure 6.1 a). 
The occurrence of the Common Wombat remained relatively constant between survey 
periods, with no apparent seasonal trend (Figure 6.1 b). 
The occurrence of brushtail possums in the diet of the dog remained relatively constant 
throughout the year in the escarpment area. In the coastal area, these species were 
relatively more common in its diet during the March survey period (Figure 6.1 c). 
Although the Common Ringtail Possum was more common in the diet of the dog from 
the coastal area, similar trends in its occurrence in the diet of the dog over time was 
observed in each area (Figure 6.1 d). For example, the Common Ringtail Possum was 
relatively more common in the diet of the dog from both areas during the March-July 
survey periods (Figure 6.1 d). 
The occurrence of the Rabbit in the diet of the dog was consistently low in the coastal 
area (Figure 6.1 e). In the escarpment area, the seasonal occurrence of the Rabbit in its 
diet was more variable. For example, the Rabbit formed at least 10% of the diet of the 
dog during the warmer months (i.e., November-March) and 5% or less during the 
cooler months in the escarpment area (Figure 6.1 e). 
The trend and percentage occurrence of the Dusky Antechinus in the diet of the dog 
from both areas throughout the year was similar, with the exception of the September 
survey period. During this time, the occurrence of the Dusky Antechinus was much 
higher in the diet of the dog from the escarpment area (Figure 6.1 f). 
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Figure 6.1- Species that formed~ 5% of the diet of the dog from the coastal and 
escarpment areas for each survey period. 
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Breadth Of Diet - The Fox 
Mammals comprised ahnost 90% of the diet of the Fox. A total of 18 mammal species 
was recorded in scats of the Fox (Table 6.3). Eleven of these were found in scats of 
the Fox from both areas (Table 6.3). Species not encountered in Fox scats from both 
areas were detected infrequently and included one Schedule 2 species, the White-
footed Dunnart (NSW Threatened Species Conservation Act 1995). 
The breadth of the diet of the Fox from the escarpment and coastal areas was similar 
(Table 6.7), but broader than that for the dog (Table 6.5). 
Table 6.7 - Dietary breadth (Db) of the Fox from the escarpment and coastal areas 
and the combined dietary breadth. The measure n represents the number of mammal 
species detected in the diet of the Fox from the escarpment and coastal areas and the 
combined number of mammal species detected in the diet of the Fox. Non-mammalian 
components and remains that could not be identified to the species level were 
excluded from the analysis. 
Area Number of scats n Db 
Escarpment 77 15 0.6396 
Coastal 130 13 0.6411 
Combined 207 17 0.5439 
The Relative Occurrence Of Prey In The Diet Of The Fox 
Species that formed more than 5% of the diet of the Fox from both areas included the 
Swamp Wallaby, Common Ringtail Possum, Rabbit, Dusky Antechinus, Brown 
Antechinus, Bush Rat and Black Rat. Although there were differences in the 
proportion of some of these species in the diet of the Fox from each area, they were not 
significant (Table 6.3 and Table 6.8). 
Table 6.8 - Comparison of the relative importance of species that formed ~5% of the 
diet of the Fox from the coastal and escarpment areas. 
Species DF p 
Swamp Wallaby 5 0.2074 
Common Ringtail Possum 5 0.1747 
Rabbit 5 0.1769 
Dusky Antechinus 5 0.2819 
Brown Antechinus 5 0.1152 
Bush Rat 5 0.7477 
Black Rat 5 0.7497 
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The remaining species each formed less than 5% of the diet of the Fox. No single 
species dominated its diet in the region; no mammal species occurred in more than 20% 
of the scats of the Fox in either area. Birds, reptiles, insects, crustaceans and plant 
matter combined occurred in approximately 13% of scats overall (Table 6.3). 
The greatest diversity of prey in the diet of the Fox were small mammals. The majority 
of these were native (Table 6.3). Small mammals were the dominant size-group and 
occurred in approximately 50% of scats (Table 6.3). Medium-sized and large 
manunals were less prevalent, occurring in 30% and 19% of Fox scats, respectively 
(Table 6.3). 
Temporal Variation Of Species That Formed More Than 5% Of The Diet Of The Fox 
Temporal variation in the diet of the Fox could not be tested for significance as data 
was collected for only one year. Thus, the following analysis is descriptive and should 
be considered as an exploratory investigation only. 
As mentioned above, seven species occurred frequently enough in Fox scats (i.e., more 
than 5%) to permit an exploratory examination of their occurrence in the diet of the 
Fox for each survey period. Generally, low numbers of Fox scats were collected from 
each area during each survey period. To reduce bias that might be associated with 
small sample sizes, information on the diet of the Fox from both areas was aggregated 
for each survey period. Even so, the aggregated sample size for some survey periods 
was still small (e.g., n = 11 for March). Thus, inferences about the relative occurrence 
of prey species in the diet of the Fox over time were tentative. In addition, combining 
the data from both survey areas masked any differences between the areas. 
The Swamp Wallaby occurred more frequently in the diet during the March and 
September survey periods (Figure 6.2 a). 
The Common Ringtail Possum, Bush Rat, and in particular, the Brown Antechinus and 
Black Rat, occurred more frequently in the diet of the Fox during the July survey period 
(Figure 6.2 b, 6.2 e, 6.2 f and 6.2 g). 
The occurrence of the Rabbit in the diet of the Fox increased over time and was highest 
during the September and November survey periods (Figure 6.2 c). 
The Dusky Antechinus occurred more frequently in the diet of the Fox during the 
March, July and September survey periods (Figure 6.2 d). 
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Figure 6.2 - Species that formed 2: 5% of the diet of the Fox for each survey 
period;. Due to the small number of Fox scats for some sampling periods, 
information from escarpment and coastal areas has been combined. 
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6.3.2. THE 'RELATIVE RISK' OF MAMMAL SPECIES TO PREDATION BY THE DOG 
AND FOX 
The 'relative risk' of mammal species to being preyed upon by a dog or a Fox in each 
area was calculated using the equation outlined in Section 6.2.1. Only species that 
formed more than 5% of the diet of the dog or Fox were used in the analyses. 
Differences in the 'relative risk' of prey species to predation by the Fox and dog were 
slight but congruent with the relative occurrence of these species in their diets (Figure 
6.3; Table 6.3). The Swamp Wallaby and Common Wombat were more at risk from 
predation by the dog, the Swamp Wallaby more so in the escarpment area and 
Common Wombat more so in the coastal area. The Common Ringtail Possum, 
brushtail possums, Dusky Antechinus and Lend-nosed Potoroo were equally at risk 
from predation by the Fox and dog. 
There were differences in the 'relative risk' of the Rabbit from being taken by a dog or 
Fox depending on the area. In the coastal area, the Rabbit was more at risk from being 
preyed upon by the Fox. In the escarpment area, the Rabbit was equally likely to be 
preyed upon by the Fox and dog (Figure 6.3). 
The Black Rat, Brown Antechinus, and to some extent the Bush Rat, were more at risk 
from predation by the Fox (Figure 6.3). 
When the relative risk from predation by the Fox and dog was calculated for large, 
medium-sized and small mammals, large species were at greater risk from predation 
by the dog and small species were at greater risk from predation by the Fox (Figure 
6.4). Medium-sized species were equally at risk from predation by the Fox and dog. 
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Figure 6.3 - The relative risk of mammal species (which form~ 5% of the diet of the 
dog and/ or Fox) from being preyed upon by the dog and/ or Fox in the coastal and 
escarpment areas; W.b =Swamp Wallaby, V.u =Common Wombat, P.p =Common 
Ringtail Possum, T. spp = brushtail possums, O.c = Rabbit, P.n = Long-nosed Bandicoot, 
A.sw = Dusky Antechinus, Rf = Bush Rat, R.r = Black Rat, A.st = Brown Antechinus. 
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Figure 6.4 - The relative risk of large, medium-sized and small mammals from being 
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6.3.3. THE RELATIONSHIP BETWEEN THE ABUNDANCE OF LARGE AND MEDIUM-
SIZED MAMMALS AND THEIR OCCURRENCE IN THE DIET OF THE FOX AND 
DOG 
Approximately three times as many animals were detected by spotlight surveys in the 
escarpment area compared with the coastal area. A paired t-test found this difference 
to be highly significant (t=S.53, df = 74, P < 0.0001). Appendix 5 provides 
information on the number of individuals of each species detected by spotlighting at 
each site for each survey period. 
Spotlight surveys detected 12 species other than feral predators (Table 6.9). In the 
escarpment area, the Swamp Wallaby was the most common animal detected, 
followed by the Common Wombat, Greater Glider, Rabbit, brushtail possums, Red-
necked Wallaby, Eastern Grey Kangaroo, Sarnbar Deer, Common Ringtail Possum, 
Sugar Glider and Yellow-bellied Glider (Table 6.9). Similarly, the Swamp Wallaby was 
the most common animal detected in the coastal area. The next most common species 
detected were the Rabbit, Common Ringtail Possum, Common Wombat, brushtail 
possums, Eastern Grey Kangaroo, Greater Glider, Sugar Glider, Yellow-bellied Glider 
and Long-nosed Bandicoot (Table 6.9). Higher numbers of all species (with the 
exception of the Common Ringtail Possum and Long-nosed Bandicoot) were recorded 
in the escarpment area (Table 6.9). 
The most abundant species were also the most widespread in each study area. For 
example, the Swamp Wallaby was detected on 87% and 60% of sites in the 
escarpment and coastal area, respectively (Table 6.10). 
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Table 6.9 - Potential prey species and the number of individuals of each species 
detected during spotlight surveys for each period in the escarpment and coastal areas; 
E = escarpment, C = coastal. 
Time 
May July Sept. Nov. Jan. Total 
Species E c E c E c E c E c E c 
Swamp Wallaby 7 2 14 5 9 5 14 1 11 3 55 16 
Common Wombat 7 2 9 1 12 0 7 1 5 1 40 5 
Red-necked Wallaby 2 0 3 0 0 0 1 0 2 0 8 0 
Eastern Grey Kangaroo 1 0 2 1 0 2 1 1 2 0 6 4 
Sambar deer 0 0 0 0 3 0 0 0 1 0 4 0 
Brushtail possums 5 2 4 1 3 0 6 2 1 0 19 5 
Common Ringtail 1 3 1 0 0 4 0 2 1 0 3 9 
Possum 
Rabbit 4 2 5 0 6 3 7 3 1 4 23 12 
Long-nosed Bandicoot 0 1 0 0 0 0 0 0 0 0 0 1 
Greater Glider 16 1 1 0 5 0 0 0 7 0 29 1 
Yellow-bellied glider 0 1 0 0 0 0 0 0 2 0 2 1 
Sugar Glider 0 1 0 0 0 0 0 0 2 0 2 1 
Unidentified 0 1 0 0 1 0 1 0 0 0 2 1 
Total 43 16 39 8 39 14 37 10 35 8 193 56 
Table 6.10 - The distribution of potential prey species in escarpment and coastal 
areas; No.= number of sites where the animal was detected;% = the proportion of 
sites where the species was detected; L =large, M = medium, S =small. 
Area 
Escarpment Coastal 
Species Size No. % No. % 
Swamp Wallaby L 13 87 9 60 
Common Wombat L 11 73 5 33 
Red-necked Wallaby L 4 27 0 0 
Eastern Grey Kangaroo L 4 20 1 7 
Sambar deer L 1 7 0 0 
Brushtail possums M 9 60 4 27 
Common Ringtail Possum M 2 13 6 40 
Rabbit M 7 47 4 27 
Long-nosed Bandicoot M 0 0 1 7 
Greater Glider M 7 47 1 7 
Yellow-bellied glider s 1 7 1 7 
Sugar Glider s 1 7 1 7 
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The Relationship Between The Overall Abundance Of Large And Medium-Sized Prey Species 
And Their Occurrence In The Diet Of The Dog 
The relationship between the abundance of large and medium-sized prey and their 
occurrence in the diet of the dog could not be tested statistically. This was because 
data were collected for only one year. Given this, the following analysis is descriptive 
and should be considered as an exploratory investigation only. 
In several cases, the relative estimates of abundance for a species was reflected in the 
diet of the dog. For example, the most common species detected during spotlight 
surveys was the Swamp Wallaby (Table 6.9). It was also the most common prey in the 
diet of the dog (Table 6.3). Higher estimates of relative abundance of the Common 
Ringtail Possum was recorded from the coastal area (Table 6.9). It also formed a 
greater component of the diet of the dog from this area. In the escarpment area, the 
Rabbit and Greater Glider occurred at a higher relative abundances and formed a 
greater part of the diet of the dog (Table 6.3 and Table 6.9). Similar estimates of 
relative abundance were obtained for the Eastern Grey Kangaroo in both areas. This 
also was reflected in the diet of the dog from both areas (Table 6.3 and Table 6.9). 
However, positive relationships between the abundance of prey species and their 
occurrence in the diet of the dog was not always apparent. For example, a higher 
overall estimate of abundance was obtained for the Common Wombat from the 
escarpment area (Table 6.9), and yet they formed a similar proportion of the diet of 
the dog from both areas (Table 6.3). Higher estimates of relative abundance of 
brushtail possums were recorded from the escarpment area (Table 6.9). However, 
these species formed a greater proportion of the diet of the dog from the coastal area 
(Table 6.3). Similarly, although the Red-necked Wallaby was only detected in the 
escarpment area (Table 6.9), it was only found in the scats of the dog from the coastal 
area (Table 6.3). 
Two species, the Sarnbar Deer and Yellow-bellied Glider, were detected during 
spotlight surveys but were not detected in the scats of the dog (Table 6.3 and Table 
6.9). 
The Relationship Between The Abundance Of Large And Medium-Sized Prey Species And 
Their Occurrence In The Diet Of The Dog For Each Survey Period 
Pearson's linear regression technique was used to investigate whether the dog was 
preying upon species selectively or opporhmistically. However, because of the small 
number of samples (n = 4) no attempt was made to test the significance of these 
• 
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relationships. The following analysis is descriptive and should be considered as an 
exploratory investigation only. 
Species that formed more than 5% of the diet of the dog and which were also detected 
by spotlight surveys were used for this investigation. These species included the 
Swamp Wallaby, Common Wombat, Common Ringtail Possum, Rabbit and brushtail 
possums. 
In the escarpment area, positive correlations were found between the abundance of the 
Common Ringtail Possum (r = 0.94), Swamp Wallaby (r = 0.68) and to a lesser extent 
the Rabbit (r = 0.53) and their occurrence in the diet of the dog (Figure 6.5 a, Figure 6.5 
d and Figure 6.5 e). Negative correlations were found between the abundance of the 
Common Wombat and brushtail poss~ms and their occurrence in the diet of the dog 
from the escarpment area (r = -0.36 and r = -0.81 for the Common Wombat and 
brush tail possums, respectively; Figure 6.5 band Figure 6.5 c). 
The results for the coastal area were not consistent with those from the escarpment 
area. Positive correlations between the occurrence of prey species and their occurrence 
in the diet of the dog was found only for the Common Wombat (r = 0.83; Figure 6.5 b) 
in the coastal area. Almost no correlations were found between the abundance of the 
Swamp Wallaby, brushtail possums and Rabbit and their occurrence in the diet of the 
dog from this area (Figure 6.5 a, Figure 6.5 c and Figure 6.5 e). A negative correlation 
was found between the abundance of the ringtail possum and its occurrence in the diet 
of the dog from the coastal area. 
The Relationship Between The Overall Abundance Of Large And Medium-Sized Prey Species 
And Their Occurrence In The Diet Of The Fox 
The relationships between the overall estimates of abundance of large and medium-
sized mammal species and their relative occurrence in the diet of the Fox was variable. 
The overall estimates of relative abundance for the Common Wombat in each area 
were reflected in the diet of the Fox. That is, spotlighting indicated that the Common 
Wombat was more abundant in the escarpment area than in the coastal area (Table 
6.9). It was also relatively more common in the diet of the Fox from the escarpment 
area (Table 6.3). 
Although the overall estimate of relative abundance for the Swamp Wallaby and 
Rabbit was higher in the escarpment area, these taxa formed a higher proportion of the 
diet of the Fox from the coastal area (Table 6.3 and Table 6.9). Although the overall 
abundance of the Common Ringtail Possum was higher in the coastal area, this species 
was an equally common prey item in the diet of the Fox from both areas (Table 6.3 and 
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Table 6.9). Similarly, brushtail possums were relatively more abundant in the 
escarpment area but formed approximately the same proportion of the diet of the Fox 
from both areas {Table 6.3 and Table 6.9). 
The Relationship Between The Abundance Of Large And Medium-Sized Prey Species And 
Their Occurrence In The Diet Of The Fox In Each Survey Period 
Information on the diet of the Fox and the results from spotlight surveys in each area 
were combined to reduce the potential sources of error associated with small sample 
sizes. Nevertheless, the combined number of Fox scats collected during scat survey 
periods was small (i.e., < 30). Given this, the following analysis is descriptive and 
should be considered as an exploratory investigation only. 
Prey species that formed more than 5% of the diet of the Fox and that were detected 
by spotlight surveys included the Swamp Wallaby, Common Ringtail Possum and 
Rabbit. A strong positive correlation was found between the abundance of the Rabbit 
and its occurrence in the diet of the Fox (r = 0.93; Figure 6.6 c). Negative correlations 
were found between the abundance of the Swamp Wallaby and Common Ringtail 
Possum and their occurrence in the diet of the Fox (r = -0.62 and r = -0.70 for the 
Swamp Wallaby and Common Ringtail Possum, respectively; Figure 6.6 a and Figure 
6.6 b ). These species formed a higher proportion of the diet of the Fox when their 
estimates of relative abundance were lower. 
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Figure 6.5 -The relationship between the abundance of prey species and their 
occurrence (%) in the diet of the dog in the escarpment and coastal areas;. NB. 
Only species that formed ~ 5% of the diet of the dog and that were detected by 
spotlights were used in the analysis. 
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Figure 6.6 - The relationship between the abundance of prey species and their 
occurrence(%) in the diet of the Fox. NB. Due to the small sample sizes of fox 
scats data from the escatpment and coastal area have been combined; only species 
that formed~ 5% of the diet of the fox and that were detected by spotlights were 
used in the analysis. 
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6.4. DISCUSSION 
The primary aims of the research outlined in this Chapter were to: 
(i) Assess the diet of the Fox and dog in the study region; 
(ii) Identify species or groups potentially at risk from predation by the Fox and/ or 
dog; and 
(iii) Explore the extent to which the Fox and dog were opportunistic or selective 
predators. 
6.4.1. THE DIET OF THE FOX AND DOG IN THE STUDY REGION 
Scat content analysis provided information on the array and relative occurrence of 
mammal species in the diet of the Fox and dog in the study region. The remains of 29 
mammal species were found in dog and Fox scats during the study, 21 (72%) of these 
were native taxa (Table 6.3), and included species that were listed as endangered and 
vulnerable in the NSW Threatened Species Conservation Act 1995. 
Native ground-dwelling mammals not detected in the diet of the Fox or dog, but which 
have been recorded in the region (Table 3.1), include the Spotted-tailed Quoll, Long-
footed Potoroo, Common Wallaroo and Brush-tailed Rock-wallaby. It was possible 
that these species were not encountered by the Fox and dog during the study because 
they are generally considered to be rare and/ or endangered (NSW Threatened Species 
Conservation Act 1995). However, because other studies have recorded these species in 
the diet of the Fox and dog (Table 2.5 and Table 6.11), all ground-dwelling mammals 
were considered to be potential prey of the Fox and dog in the region. 
Common Prey Species Of The Dog And Fox 
Several species were relatively common in the diet of the Fox and dog in this study. 
The Swamp Wallaby was the most common prey found in dog scats(> 40%). Other 
relatively common species in their diet were brush tail possums, the Dusky Antechinus, 
Common Ringtail Possum, Common Wombat and Rabbit. 
Seven species were relatively common in the diet of the Fox, viz:- the Swamp Wallaby, 
Rabbit, Common Ringtail Possum, Dusky Antechinus, Brown Antechinus, Bush Rat 
and Black Rat. However, unlike the relatively high occurrence of the Swamp Wallaby 
in the diet of the dog, no species formed more than 20% of the diet of the Fox. 
It was possible that some prey were consumed by the Fox as carrion. For example, the 
Fox may have consumed the remains of the Swamp Wallaby resulting from dog kills, or 
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collisions with vehicles. During this study, the Fox was observed scavenging remains 
of the Swamp Wallaby and Common Wombat on road-side verges, which was 
consistent with observations of other authors (e.g., Catling 1988; Lunney et al. 1990). 
Breadth Of Diet Of The Fox And Dog 
Despite the greater array of mammal species found in the diet of the dog, the dietary 
breadth of the dog was relatively narrow (Db= 0.1885; Table 6.5) compared to that of 
the Fox (Db= 0.5439; Table 6.7). This largely reflected the dominance of the Swamp 
Wallaby in the diet of the dog. Other prey species formed less than 10% of the diet of 
the dog (Table 6.3). No prey species dominated the diet of the Fox. The most 
common species in the diet of the Fox were the Swamp Wallaby, Common Ringtail 
Possum, Rabbit, Brown Antechinus and Dusky Antechinus (Table 6.3). These species 
formed between 10-16% of its diet. 
Overall, there was moderate dietary overlap between the Fox and dog (Do = 0.5916; 
Table 6.4). Species detected in either dog or Fox scats exclusively were relatively 
uncommon in their diet (Table 6.3), and may have reflected their limited distribution 
and abundance in the forests of the region (e.g., the smoky mouse and Southern Brown 
Bandicoot). It was likely that these species were encountered less frequently and were 
less available as prey compared to more ubiquitous species such as the Swamp 
Wallaby. 
The dietary overlap between the Fox and dog within the same area was relatively 
higher than their overall dietary overlap, particularly in the coastal area (Do= 0.8041 
and 0.6556 for the coastal and escarpment area, respectively; Table 6.4), but less than 
the dietary overlap of the Fox and dog between the areas (Do= 0.8967 and 0.9647 for 
the Fox and dog, respectively; Table 6.4). 
The Relative Occurrence Of Large, Medium-Sized And Small Prey In The Diet Of The Dog 
And Fox 
Although the diet of the Fox and dog overlapped in terms of prey species, there were 
marked differences in the relative occurrences of large, medium-sized and small prey in 
their diets (Table 6.3). Large mammals formed almost half the diet of the dog, 
whereas small mammals were the most common prey of the Fox. Medium-sized 
mammals formed approximately one-third of the diet of both the Fox and dog. The 
differences in the size of prey species in their diet suggested to some extent that 
'resource partitioning' was occurring between the Fox and dog in the study region. 
However, as discussed in Section 6.1.2, the relative occurrence of small mammals in 
the diet of the Fox and dog may have been under-estimated in this study because small 
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mammals may be completely digested (Meriwether and Johnson 1980). Conversely, 
the relative occurrence of large mammals in the diet of the Fox and dog may have been 
over-estimated; the remains of one large animal may be excreted in several scats and 
the remains of large species in scats may represent smaller individuals (e.g., young 
animals) of that species. For example, in north-east NSW, Robertshaw and Harden 
(1986) found that 15-18% of Swamp Wallaby remains in dog/Dingo scats were young 
animals. 
Comparison Of The Diet Of The Fox And Dog In This Study With Similar Studies 
Conducted In Forest Ecosystems 
The findings of this study were consistent with other studies that have investigated the 
diet of the dog in south-east Australia (Table 6.11). Without exception, the Swamp 
Wallaby has been found to be the most common species in the diet of the dog in the 
eucalypt forests of south-east and north-east NSW, and north-east Victoria. The 
Common Wombat and Red-necked Wallaby have also been relatively common prey 
species (Table 6.11). Brushtail possums and the Common Ringtail Possum have been 
the most common medium-sized prey, and the Rabbit has contributed substantially to 
its diet where it occurs in high numbers, such as areas close to farmland (Lunney et al. 
1990). The ubiquitous native rats and Antechinus spp. have been found to be the most 
common small mammals in the diet of the dog (Table 6.11). 
Comparison of the results from this study with other studies indicates that the relative 
occurrence of large, medium-sized and small prey in the diet of the Fox is variable 
(Table 6.12). For example, although small mammals can form more than 40% of the 
diet of the Fox, medium-sized prey also may be important, forming more than 50% of 
its diet in some instances (Table 6.12). In one study, large mammals dominated the 
diet of the Fox (Lunney et al. 1990). These authors suggested that this may have been 
due to an abundance of the Swamp Wallaby and Cow carcasses in the area. 
Chapter 6: 201 
Table 6.11 - A comparison of different studies of the mammalian prey of the dog in the 
eucalypt forests of south-east and north-east Australia. The most frequently occurring 
species is highlighted for each size group. 
Key: 
- = these species were absent from the diet or have been grouped according to genus. 
1 
= Schedule 1 species classified as endangered (NSW Threatened Species Conservation Act 
1995) 
2 
= Schedule 2 species classified as vulnerable (NSW Threatened Species Conservation Act 
1995) 
t = exotic species 
® Study 'd ' presented data as functional responses (note maxima and minima) over a 9 year 
period. When only one figure is presented this represents the incidence of occurrence of this 
species for all years combined. 
*Source: a = Lunney et al. (1990), b = Brown and Triggs (1990), c =Triggs et al. (1984), d = 
Newsome et al. (1983a); e = Robertshaw and Harden (1985). 
SOURCE* 
This a b c d@ e 
Species study n=1085 n=828 n=412 n=1102 n=1993 
n=638 
Large (> 10 kg) 
Swamp Wallaby 41.2 35.1 26.7 21 4.4-31.4 30.5 
Red-necked Wallaby 0.8 10.9 3.3 13 2.2-9.8 11.1 
Eastern Grey Kangaroo 0.4 1.1 2.1 - 0-4.4 0.2 
Common Wallaroo - - - - - 0.1 
Parma Wallaby 2 - - - - - 4.6 
All Macropus spp. 1.2 12 5.4 13 2.2-14.2 16 
Common Wombat 6.3 2.6 12.9 11 2.1 -
Koa la - - - - 0.4 -
Cow 1.7 9.3 0.2 - - -
Pig t 0.8 0.6 - - - -
Goatt 0.2 - - - - -
Sheep t - 0.1 0.1 - - -
Dogt 0.2 
-
1.2 2 - -
Horse t 
- 0.1 - 0.2 - -
Group% 51.5 59.8 46.5 47 16-93.3 39.4 
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Table 6.11. cont.. . 
Source* 
Species This a b c d® e 
study 
Medium (0.75-10 kg) 
Brushtail possums 8.4 4.3 18.5 3 0-9.9 6.9 
Common Ringtail Posswn 8.1 3.9 6.2 38 0.7-21.1 4.4 
Rabbit t 5.5 16.5 6.1 1 5.8-13.9 6.4 
Long-nosed Bandicoot 4.4 6.2 8.1 6 0-4.2 -
Southern Brown Bandicoot 1 0.2 - 0.5 0.2 0.8.4 -
All bandicoots 4.6 6.2 8.6 6 0-14 6.8 
Short-beaked Echidna 1.9 1.6 6.5 5 0.3 3.5 
Greater Glider 1.2 0.3 4.5 1 - 1.5 
Lond-nosed Potoroo 2 0.2 0.6 - - 0-2.2 1.7 
Long-footed Potoroo 1 
- - 1.4 - - -
Parma Wallaby 2 - - - - - 4.6 
Red-necked Pademelon -
- - -
- 3.8 
Platypus - - 0.2 - - -
Catt 0.3 0.3 
-
- 0.4 -
Fox t 0.2 - - - 0.2 -
Hare t 
- 0.3 - - - -
Group% 30.5 35.7 54 54 20-52.l 37 
Small (<0.75 kg) 
Bush Rat 4.5 1.8 16.2 7 0-8.4 12.2 
Black Rat t 2.3 
- - - 0.3 -
Swamp Rat 0.3 0.4 0.4 2 0-5.8 -
All Rattus spp. 11.6 2.2 16.6 9 2.2-31.5 12.2 
Dusky Antechinus 8.4 0.4 4.3 2 0-1.4 -
Brown Antechinus 1.9 2.3 1.7 13 0-1.4 -
All Antechinus spp. 11.2 2.7 6 15 0- 10.S 5.8 
Sugar Glider 1.6 0.6 0.5 - 0.1 -
Yellow-bellied Glider 2 - 0.8 2.9 0.5 0.2 -
All Petaurus spp. 1.6 1.4 3.4 0.5 0.3 1.6 
Smoky Mouse 1 0.5 - - - - -
Eastern Pygmy Possum 0.2 0.1 - - - -
White-footed Dunnart 2 - 0.2 - - - -
Feathertail Glider - 0.1 0.1 - - -
Water Rat 0.2 0.1 0.2 0.5 - -
House Mouse t - 2.2 0.6 - 0-6.6 -
Group% 25.2 9 26.9 24 3.6-42.4 18.5 
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Table 6.12 - The mammalian prey of the Fox in the eucalypt forests of south-east 
Australia; a comparison of different studies. The most frequently occurring species is 
highlighted for each size group. 
Key: 
- = these species were absent from the diet or have been grouped according to genus. 
1 = Schedule 1 species classified as endangered (NSW Threatened Species Conservation Act 
1995) 
2 = Schedule 2 species classified as vulnerable (NSW Threatened Species Conservation Act 
1995) 
t = exotic species 
® The figures indicate the minimum and maximum occurrence of species in Fox scats over a 12 
year period. 
*Source: a= Lunney et al. (1990); b = Triggs et al. (1984); c =Brown & Triggs (1990); d =Wallis 
and Brunner (1986). 
SOURCE* 
This a b c d ® 
Species study 
n=207 n=613 n=937 n=534 n=2524 
Large (> 10 kg) 
Swamp Wallaby 16.4 33.3 5 14.8 Q-4 
Common Wombat 1.4 2.1 1 3.2 0-<1 
Red-necked Wallaby 0.5 8.3 3 1.9 -
Eastern Grey Kangaroo - 1 1 0.6 -
All Macropus spp. 0.5 9.3 4 2.5 0.9 
Dogt 0.5 
- 1 - 0-7 
Cowt - 8.8 0.3 - 0-<1 
Pigt - - - 0.4 -
Goatt - - - - 0-<1 
Sheep t 0.6 - - - 0-<1 
Group% 19.3 53.5 11.3 20.9 1-9 
Medium (0.75-10 kg) 
Brushtailed possums 4.3 3.6 3 13.9 11-14 
Common Ringtailed Possum 10.6 2.9 58 8.6 11-22 
Rabbitt 11.1 19.9 1 23.6 1-27 
Long-nosed Bandicoot 3.4 7 6 6.2 0-2 
Southern Brown Bandicoot 2 
- - 0.1 0.9 0-<1 
All bandicoots 3.4 - 6.1 6.1 2.3 
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Table 6.12 cont... 
SOURCE* 
Species This a b c d @ 
study 
Mediwn cont. .. 
Lond-nosed Potoroo 1 - 0.3 - 0.4 -
Long-footed Potoroo 2 - - - 1.3 -
Platypus - 0 - 0.4 -
Short-beaked Echidna 0 0.5 1 0.6 0-<1 
Greater Glider 0.5 0.2 0.3 3.4 0-2 
Foxt -
- - 2.1 0-8 
Catt 
- - - - 0-<1 
Hare t 
- 0.2 - - -
Group% 30.43 34.6 69.4 61.4 36-57 
Small (<0.75 kg) 
Bush Rat 8.7 1.3 13 16.8 9-21 
Black Rat t 6.7 - -
-
2-4 
Swamp Rat - 0.3 2 0.9 0-2 
All Rattus spp. 23.2 1.6 15.2 19.1 12-26 
Dusky Antechinus 10.6 0.7 4 4.5 4-14 
Brown Antechinus 10.1 2.6 19 5.2 11-23 
Swamp Antechinus - - 0.1 - -
All Antechinus spp. 20.7 3.3 23.2 9.7 23-31 
Broad-toothed Rat 2 - - - - <1-4 
Sugar Glider 2.9 0.7 1 2.4 0-2 
Yellow-bellied Glider 2 - 2 0.1 3.4 -
All Petaurus spp. 2.9 2.7 1.1 5.8 0-2 
Eastern Pygmy Possum 1.4 - 1 1.7 -
White-footed Dunnart 2 0.5 0.5 - 0.2 -
Feather-tailed Glider - 0.3 0.3 1.1 0-<1 
Water Rat - 0.3 1 0.6 -
House Mouse t 
- 3.8 - 3.4 0-5 
Grey-headed Flying-fox - 0.7 0.1 - -
Long-eared bats (Nyctophilus - 0.2 - - -
spp.) 
Group% 49 13.4 41.9 41.6 54-58 
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6.4.2. OPPORTUNISTIC VERSUS SELECTIVE PREDATION BY THE FOX AND DOG 
The Overall Abundance Of Species Detected By Spotlight Surveys And Their Occurrence In 
The Diet Of The Fox And Dog 
In general, the most abundant and widespread ground-dwelling species detected by 
spotlight surveys (i.e., the Swamp Wallaby, Rabbit, brushtail possums and Common 
Ringtail Possum; Table 6.9 and Table 6.10) were the most common prey species in the 
diet of the Fox and dog (Table 6.3). This suggested a general level of opportunism in 
the feeding strategy of these predators. 
All species detected by spotlight surveys, with the exception of the Sambar Deer and 
Yellow-bellied Glider, were prey of the Fox and/ or dog in the region. The relatively 
large size of the Sambar Deer may have excluded them as prey: adult body weights for 
males range between 131-245 kg and 109-182 kg for females (Bentley 1995). The 
largest prey species in the diet of the Fox and dog in this study was the Pig, which has 
an adult body weight of 35-175 kg for males (Pavlov 1995). In addition, the Sarnbar 
Deer may be rare in the region and therefore may not have been encountered by the Fox 
or dog. The Yellow-bellied Glider was relatively uncommon and may not have been as 
vulnerable to predation by the Fox and dog because of its arboreal habit. 
There was a poor relationship between the overall estimate of abundance of the 
Common Wombat and its occurrence in the diet of the Fox and dog. Despite having a 
relatively high overall estimate of abundance, the Common Wombat was less common 
in the diet of the Fox and dog compared other taxa (e.g., the Common Ringtail Possum, 
brushtail possums, Rabbit; Table 6.3), especially in the escarpment area (Table 6.9). 
This suggested that it was not particularly sought after as prey. 
The Greater Glider was also relatively uncommon in the diet of the Fox and dog 
despite a relatively high overall estimate of abundance for this species (Table 6.9). 
This may have been a result of the availability of the Greater Glider as prey of the Fox 
and dog compared to other species. The Greater Glider was never observed on or near 
the ground and thus presumably would not have been as susceptible to predation by 
these predators. It may have been consumed as carrion below the roosts of birds of 
prey, such as the powerful owl (McKay 1995), or from recently logged coupes 
(personal observation). However, it also may have been directly preyed upon because 
when on the ground the Greater Glider" ... moves clumsily in a loping gait ... where it is 
known to fall prey to the dingo and Fox" (McKay 1995, p. 240). 
In contrast, other arboreal marsupials, such as brushtail possums and the Common 
Ringtail Possum, were relatively common in the diet of the Fox and dog (Table 6.3). 
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They were also frequently observed on, or within a few metres, of the ground and were 
thus presumably susceptible to being preyed upon by the Fox and dog. 
The Relationship Between The Abundance Of Large And Medium-Sized Mammals Detected 
By Spotlight Surveys And Their Occurrence In The Diet Of The Fox And Dog In Each 
Survey Period 
Although, in general the Fox and dog appeared to be opportunistic predators, when 
data on the abundance of prey species and their occurrence in the diet of the Fox and 
dog were analysed for each survey period, the results were inconsistent. Table 6.13 
summarises these relationships. 
The results suggested that the dog preyed upon the Common Ringtail Possum, Swamp 
Wallaby, and to a lesser extent the Rabbit, opportunistically in the escarpment area. 
No relationship was apparent for estimates of relative abundance of the Common 
Wombat and brushtail possums and their occurrence in the diet of the dog from this 
area. In contrast, there was almost no correlation between the estimates of relative 
abundance of the Swamp Wallaby, Common Ringtail Possum and Rabbit and their 
occurrence in the diet of the dog from the coastal area. In addition, the Common 
Wombat appeared to be preyed upon opportunistically and brushtail possums 
appeared to be preyed upon selectively by the dog in the coastal area. 
The results also suggested that some species, such as the Common Wombat which, 
when its abundance was relatively low, was preyed upon more frequently by dogs. 
Similarly, the occurrence of the Swamp Wallaby and Common Ringtail Possum in the 
diet of the Fox was highest when estimates of their abundance were relatively low. 
This suggested that these species were preyed upon selectively at some times of the 
year but not others. Several factors that affect the predisposition of a population to 
predation may have accounted for these observations. For example, the proportion of 
young and presumably susceptible individuals in a population at different times of the 
year may affect levels of predation on populations and be independent of the 
population size per se. In addition, the relative abundance of one prey species to 
others also may affect the level of predation on different species' populations at 
different times of the year. When the abundance of the normally preferred prey 
species is low, other species that are not normally sought after as prey may be preyed 
upon more frequently either because: (i) they are encountered relatively more often, or 
(ii) predators switch their prey preferences. 
However, as previously mentioned, due to the small sample sizes and some 
uncertainty regarding the ability of spotlights to provide accurate estimates of 
abundance of prey species, these results were considered to be tentative. 
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Table 6.13 - Sununary of the relationship between estimates of abundance of large and 
medium-sized prey species and their occurrence in the diet of the Fox and dog. Only 
species that formed ~5% of the diet were included. E = escarpment; C = coastal; S = 
evidence for selective predation (i.e., no correlation); 0 =evidence for opportunistic 
predation (i.e., positive correlation); - = no apparent relationship (i.e., negative 
correlation); black cells indicate species that formed <5% of the diet. 
Species Dog Fox 
E c E+C 
Swamp Wallaby 0 
Common Wombat 0 
Common Ringtail Poss 0 
Brushtail possums s 
Rabbit 0 
The Occurrence Of Small Prey In The Diet Of The Fox And Dog In Each Survey Period 
It was beyond the scope of this study to survey small ground-dwelling mammals. 
Consequently, the relationship between their occurrence in the diet of the Fox and dog 
and their abundance in the field was unknown. Small mammals that formed more 
than 5% of the diet of the Fox included the Brown Antechinus, Dusky Antechinus, 
Black Rat and Bush Rat (Table 6.3). The only small mammal that formed more than 
5% of the diet of the dog was the Dusky Antechinus (Table 6.3). Several studies have 
shown that widespread and abundant small ground-dwelling mammals, such as the 
Brown Antechinus, Dusky Antechinus and Bush Rat, can be important in the diet of 
the Fox, and to a lesser extent the dog, in the eucalypt forests of south-east Australia 
(Table 6.12 and Table 6.13). This suggested that the Fox preyed upon these species 
opportunistically. 
6.4.3. SPECIES/GROUPS MOST AT RISK FROM PREDATION BY THE FOX AND DOG 
In general, the relative occurrence of prey species in the diet of the Fox and dog 
reflected their 'relative risk' to predation from the Fox and dog. Large species, 
particularly the Swamp Wallaby, were the most frequently occurring taxa in the diet 
and were the most at risk to predation by the dog. Small mammals were the most 
frequently occurring taxa in the diet of the Fox, and were correspondingly the most at 
risk to predation by the Fox. Medium-sized mammals, which formed approximately 
one-third of the diet of the Fox and dog were equally at risk from predation by these 
predators. 
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6.5. SUMMARY 
The Diet Of The Fox And Dog In The Eucalypt Forests Of South-East NSW 
The results from this study (and other investigations) indicate that nearly all of the 
mammals in the Eden Management Area, with the exception of bats, are potential prey 
the Fox and dog. 
The Swamp Wallaby was the most common prey of the dog. Other species that were 
relatively common in its diet (i.e., those that formed~ 5%) included brushtail possums, 
the Dusky Antechinus, Common Ringtail Possum, Common Wombat and Rabbit. 
Small mammals, such as the Dusky Antechinus, Brown Antechinus, Bush Rat and 
Black Rat, were the most common species in the diet of the Fox, each forming at least 
5% of its diet. The Rabbit was identified as the primary medium-sized prey species of 
the Fox, closely followed by the Common Ringtail Possum (Table 6.3). The relatively 
high occurrence of the Rabbit in the diet of the Fox was consistent with the results of 
other investigations of the diet of the Fox in Australia (e.g., Triggs et al. 1984; Wallis 
and Brunner 1987; Catling 1988; Marlow 1992). However, in this study, the Common 
Ringtail Possum and Rabbit were equally important medium-sized prey species of the 
Fox (Table 6.3). This was an interesting result given that the estimated abundance of 
the Common Ringtail Possum was lower than for the Rabbit (Table 6.9). However, this 
may be an artefact of the ability of spotlighting to detect different species and 
therefore interspecific comparisons of relative abundance may not be valid. 
Species Most At Risk From Predation By The Fox And Dog 
Large mammals, particularly the Swamp Wallaby, were most at risk, and small 
mammals were least at risk, from predation by the dog. Conversely, small mammals 
were most at risk, and large mammals were least at risk, from predation by the Fox. 
Medium-sized prey were equally at risk from predation by the Fox and dog. 
Knowledge of which species are relatively more at risk from predation by the dog 
and/ or Fox is important for the management of rare and endangered forest fauna. In 
addition, it provides information that can be used to guide future research on the 
impact of feral predators on prey species in the eucalypt forests of south-eastern 
NSW. These issues are discussed in Chapter 8. 
Evidence For Selective Versus Opportunistic Predation By The Fox And Dog In The Study 
Region 
The results from this study did not provide conclusive evidence that the Fox and dog 
were opportunistic or selective predators. Overall, the main prey species of the Fox 
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and dog tended to be the most abundant and widespread, suggesting that they were 
preyed upon opportunistically by these predators. However, this general trend did 
not hold when relationships between the estimates of relative abundance of prey 
species and their occurrence in the diet of the Fox and dog were examined for each 
survey period. The reasons for this outcome were not clear. 
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7 
THE RELATIONSHIP BETWEEN 
THE ABUNDANCE OF THE FOX AND DOG AND 
HABITAT ATTRIBUTES 
7.1. INTRODUCTION 
Previous chapters investigated the distribution, abundance and diet of feral predators 
in the study region. This chapter examines the relationship between the relative 
abundance of the Fox and dog and various measured and derived habitat attributes. 
Information on the abundance of the Cat was not obtained. The results from this 
chapter may be valuable for assessing the potential impact of feral predators on native 
species and aiding the development of effective control regimes. 
7.1.1. AIM 
The aim of this investigation was to identify habitat attributes that are significantly (P 
< 0.05) correlated with the abundance of the Fox and dog in the study region. The null 
hypothesis was that the abundance of the Fox and dog were not significantly 
correlated with habitat attributes. 
7.1.2. STATISTICAL MODELS 
Statistical models are used to identify variables that may explain a set of 
observations. They are a mathematical representation of the relationship between an 
observed response variable (in this case the abundance of the Fox and dog) and 
explanatory variables (Collett 1991). The choice of explanatory variables is usually 
made through understanding the biology of the species under investigation (Nicholls 
1991). 
Habitat models can provide information on important explanatory variables that, in 
part, help explain the occurrence of a species. For example, habitat models can be 
used to predict the probability of a species occurring in an unsampled area and the 
possible response of a species, or group, to landscape change (e.g., Lindenmayer et al. 
1995). 
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7.2. METHODS 
Statistical modelling requires a high level of expertise in model formulation. It also 
requires knowledge and understanding of the theory and assumptions made in 
association with these techniques. In this study, professional advice and assistance 
were obtained from Mr. Ross Cunningham, Ms. Christine Donnelly and Dr. Simon 
Barry from the Statistical Consulting Unit, Department of Statistics, Australian 
National University. 
The number of dog and Fox scats was assumed to reflect the abundance of these 
species (Chapter 4). The abundance of the Fox and dog was correlated with 
environmental attributes (Table 7.1) by Poisson regression analysis. Poisson regression 
analysis was used as the data were counts of dog and Fox scats at each site (see 
McCullagh and Nelder 1989). As the between-site correlation within the areas was 
small (0.14), the design structure was ignored. Area (i.e., escarpment and coastal) was 
included as a fixed effect in the modelling. 
Because the survey was stratified on the basis of environmental domains (Chapter 3), 
the degree of collinearity between area (domain) and habitat attributes was checked 
(Appendix 6). This ensured that the habitat attributes used in the modelling could not 
be explained by area alone. Temperature and elevation were found to have a high 
degree of collinearity with area and were subsequently excluded from the analysis. 
The full model with all potential explanatory variables had the following form for the 
30 observations for the response: 
log (response) =constant+ Area (escarpment or coastal) 
+ Mean annual precipitation (mm) 
+ Topographical variation 
+ Geological substrate 
+ Overstorey mosaic 
+ Logging history 0-10 years 
+ Logging history 10-20 years 
+Road type 
+ Road surface 
+ Reading intensity 
+Prey species 'richness' /habitat types 
+ Presence of Rabbits 
+ Ground-mammal abundance 
+Dog or Fox 
+ Source - Direct 
+ Source - Road 
where the response variable was either the log( dog scats), or log(Fox scats). Table 7.1 
explains how the values for each variable in the model were calculated or derived. 
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A backwards elimination process was performed as part of model estimation. The 
model estimation process involved fitting a full model with all the variables, together 
with the interactions between them. Modelling then proceeded by eliminating, in a 
step-wise fashion, those attributes that did not significantly correlate with the 
response variable. Although there are no unequivocal guidelines in deriving a 
satisfactory model, Nicholls (1991) suggested that for data derived from an 
experimentally-designed study, backward elimination of non-significant (i.e.,> 5%) 
explanatory co-variates is appropriate. 
Table 7.1 - Environmental attributes obtained for each site for habitat modelling purposes. 
Variable Attribute Measurement Source of data 
Climat ic Preci pi ta ti on Mean annual precipitation (mm) BIOCLIM (CRES, ANU) 
factors 
Terrain Topographical 1 = low or relatively flat Subjective/1 :25 000 maps 
characteris tics variation 2 = medium or undulating 
3 = high or variable terrain which is steep 
Geological subs trate 1 =igneous (intrusive) Derived from inspection of State Forests of NSW 
2 =igneous (extrusive) (1994) maps 
3 = sedimentary 
Vegetation Overstorey mosaic The number of forest types in a 500 m radius from the centre of the Derived from inspection of 1:100 000 maps (Map 
scat transect 2, Forestry Commission NSW 1988) 
Disturbance Logged 0-10 years Yes/No - within a 500 m radius from the centre of the scat transect State Fores ts of NSW compartment history 
(Eden and Bombala District) 
Logged 10- 20 years Yes/No - within a 500 m radius from the centre of the scat transect State Forests of NSW compartment history 
(Eden and Bombala District) 
Road type 1 = includes 'secondary roads'l7 and ' feeder roads'l8 with more Based on classifications given by State Forests of 
than one junction with another feeder or secondary road NSW (Eden Management Area Environmental 
I 2 = 'feeder roads' with only one intersection with another road Impact Statement - Map 5 Reading/ Harvesting 
(doesn't include firetrails) 1990) and subjective verification 
3 = firetrails and disused / unmaintained feeder roads 
17 Secondary access roads are defined as roads with a formation width of 7.3 m and a clearing width of up to 18 m (Forestry Commission of NSW 1988) 
I 8 Feeder roads are defined as roads with a formation width of 4.2-5.5 m and a clearing width of up to 16 m (Forestry Commission of NSW 1988) 
Table 7.1. cont... 
Variable Attribute Measurement Source of data 
Road surface 1 = soft road surface consisting of a substantial layer of leaf litter Subjective 
covering the road 
2 = soft to mediwn road surface consisting of leaf litter and exposed 
road surface which is essentially smooth (i.e., no gravel) 
3 = medium road surface consisting of minimal cover of leaf litter 
and a mostly exposed smooth (e.g., clay, soil) road surface 
4 = medium to hard road surface (i.e., a road surface covered with 
small gravel pieces) 
5 =hard road surface made up of large, angular gravel. 
Roading intensity km of road within a 2 km radius from the centre of the scat transect 1:25 000 maps 
Prey Prey species 1 = Low value fauna habitat - spotted gum, blackbutt and 1:100 000 maps (Map 3 Fauna Habitat Types, FC 
richness/habitat types silvertop ash/ stringybark types NSW 1988) (based on preferred habitat of 
2 = Moderate value fauna habitat - rainforest, drier gum and arboreal species) 
brown barrel-messmate 
3 = High value fauna habitat - moist brown barrel, gum and 
peppermint types, swamp gum 
Presence of rabbits Presence/ absence data . This study (spotlight surveys) 
Mediwn + large ground- Total number of mammals detected This study (spotlight surveys) 
mammal abundance 
Abundance of The dog Mean number of dog scats per site This study (scat surveys) 
other predators 
Potential Direct Distance from the centre of the scat transect to the nearest private 1 :25 000 maps 
'source' 19 land (m) 
areas 
Road Distance by road from the centre of the scat transect to the nearest 1:25 000 maps 
private land (m) 
19 
'Source' areas were defined as habitats that potentially support self-sustaining fox and dog populations which can disperse into other areas, or 'sinks'. 
'Sinks' are areas which may not be optimal habitat for a species and thus require continual replenishment, or immigration of animals from 'source' areas to 
sustain their population (Pulliam 1988). Potential 'source' areas of foxes in this study were considered to be freehold land. 
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7.3. RESULTS 
Habitat Attributes Significantly Correlated With The Abundance Of The Fox 
The relative abundance of the dog, mean annual rainfall and logging 10-20 years ago 
were significant explanatory variables in the final statistical model (Table 7.2). The 
abundance of the Fox was: (i) higher where the abundance of the dog was high; (ii) 
lower with increasing rainfall; and (iii) higher at sites that had not been subject to 
logging 10- 20 years ago (Figure 7.1). 
Table 7.2. - Significant variables in the equation describing the abundance of the Fox in 
the region, derived from Poisson regression analyses. 
Model term Estimate Standard Error 
Constant 5.55 2.18 
Area -1.007 0.343 
Rainfall -0.00488 0.00227 
Logged 10-20 years -1.745 0.662 
Relative abundance of the dog 0.905 0.380 
Figure 7.1 - The relationship between the relative abundance of the Fox (log (Fox 
scats)) and significant explanatory variables 
x 
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Habitat Attributes Significantly Correlated With The Abundance Of The Dog 
The model yielded no significant relationships between the log( dog scats) and habitat 
attributes. 
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7.4. DISCUSSION 
Statistical modelling revealed that the abundance of the Fox was higher in areas where 
the abundance of the dog was also high and where the mean annual rainfall was 
relatively low. The model also showed that the abundance of the Fox was relatively 
high in areas that had not been logged 10-20 years ago. The reasons for the 
relationships between the abundance of the Fox and significant explanatory variables 
were not clear. There were no significant relationships between the abundance of the 
dog and habitat attributes. There were several possible explanations that may have 
accounted for the results of statistical analysis. These are outlined below. 
7.4.1. BIOLOGICAL SIGNIFICANCE - THE DOG 
No habitat attributes were significantly correlated with the abundance of the dog. The 
reasons for this were not clear. It was possible that prey and climatic conditions were 
not limiting factors for the abundance and distribution of the dog in the region. In 
addition, its ability to switch hunting strategies depending on prey type, availability 
and abundance (e.g., Newsome et al. 1983a; Robertshaw and Harden 1986) may allow 
the dog to exploit many habitats. For example, flexible hunting methods may enable 
the dog to withstand, or be buffered against, stochastic events that may decrease the 
abundance and availability of prey species. These factors may, in part, explain the 
widespread and relatively high abundance of the dog in the region. They also may 
partially explain the non-significant relationships between the abundance and 
distribution of the dog and various habitat variables used in the model. 
Another potentially important factor was the effect of poison-baiting on populations 
of the dog in the region. However, poison-baiting did not have a significant impact on 
the abundance of the dog at sites where baiting occurred over the study (Chapter 4). 
However, poison-baiting may have suppressed populations of the dog over the long-
term to the extent that prey availability and abundance - that may otherwise be 
limiting factors - did not influence population size. 
7.4.2. BIOLOGICAL SIGNIFICANCE - THE FOX 
Abundance Of The Dog - Interspecific Interactions 
There was a significant positive correlation between the abundance of the Fox and the 
abundance of the dog20. This suggested that the Fox and dog were able to co-exist in 
20 Estimates of relative abundance were derived by the number of dog and fox scats present at 
sites (Chapter 4). 
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relatively high abundances in the region. This finding supported observations from 
other studies (Newsome et al. 1975; Newsome and Catling 1979; Catling and Burt 
1995a; Lunney et al. 1996). As discussed in Chapter 2, larger carnivores are usually 
dominant over, and often suppress populations of smaller carnivores. If the dog 
excluded the Fox in this study, its impact was negligible. Alternatively, interference 
competition was not occurring. The Fox may be advantaged in forest environments as 
the density of vegetation may conceal them and allow them to escape from the dog. 
Resource-partitioning of prey also may have facilitated the co-existence of the Fox and 
dog. Some of the information obtained from this study (Chapter 6) suggested that the 
Fox and dog were partitioning their prey; the Fox primarily preyed on small mammals 
and the dog primarily preyed on large mammals. This may have reduced competition 
between the Fox and dog in the region. 
Rainfall 
Statistical modelling showed that the Fox was relatively more abundant in areas with 
relatively low mean annual rainfall. Sites that experienced less rainfall may have had 
better developed understorey vegetation (Specht and Morgan 1981) and thus provided 
habitat for small mammals (e.g., Recher et al. 1980) that were primary prey species of 
the Fox (Chapter 6). The density of overstorey foliage decreases with increasing water 
stress, with a concomitant increase in the density of the understorey (Specht and 
Morgan 1981). 
Logging 
The results of statistical analysis showed that the abundance of the Fox was higher in 
areas that were not logged in the past 10-20 years. This suggested that the abundance 
of the Fox was likely to be higher at sites that had been recently logged ( < 10 years 
ago), logged more than 20 years ago, or unlogged. The reasons for this result are 
unclear. Factors relating to prey abundance and ease of foraging (hunting) in forests of 
different ages may partially explain this result. For example, higher abundances of 
species such as the Bush Rat, Brown Antechinus and Dusky Antechinus have been 
found in 2-3 year old forest regenerating from disturbance (e.g., logging) compared to 
undisturbed (unlogged) forest (Recher et al. 1980; Lunney et al. 1987). Other studies 
found higher abundances of small mammals, including those that are prey of the Fox, 
in unlogged forest (Macfarlane 1988). Variations in the abundance of primary prey 
species over time since disturbance may result in concomitant variations in the 
abundance the Fox. 
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Foraging efficiency may be higher in recently logged and unlogged forest. The absence 
of a uniform layer of shrubby ground vegetation may facilitate access to prey and 
improve visibility for foraging (Yahner and Cypher 1987). Extrapolating from this, a 
number of inferences may be made about the abundance of the Fox in forests of 
different ages since disturbance. For example, following logging there is an immediate 
loss of ground cover vegetation - a condition that provides relatively easy foraging 
conditions for the Fox. Higher abundances of the Fox may be found in these areas at 
that time. As the forest revegetates, ground cover vegetation is restored and foraging 
efficiency diminishes. Thus, the Fox may be less abundant in these areas at that time. 
As succession of the forest proceeds, the overstorey becomes more developed and the 
understorey more open. Again, these conditions may attract the Fox because of the 
improved foraging conditions. 
Comparison Of The Results From This Study With Other Research 
Other studies have investigated the influence of habitat variables on the distribution 
and abundance of the Fox in Australia and overseas (Macdonald 1981, 1983; Jones 
and Theberge 1982; Catling and Burt 1995a; Thompson 1995; Lucherini and Lovari 
1996). The study most similar to this one was conducted by Catling and Burt (1995a) 
who examined relationships between habitat variables and the distribution and 
abundance of the Fox in eucalypt forests of southern and northern NSW. The 
variables measured by Catling and Burt (1995a) were: (i) the relative abundance of 
other predators; (ii) the abundance of small, medium and large ground-dwelling 
mammals; (iii) absence of the Rabbit; (iv) habitat and its structure; (v) proximity to 
freehold land; and (vi) presence of roads. Catling and Burt (1995a) found that 
proximity to freehold land was the most significant variable explaining the absence of 
the Fox from some forests. The Fox was found in all forests less than 2 km from 
freehold land and it was relatively more abundant in forests less than 1 km from 
freehold land. Proximity to freehold land was not found to be a significant predictor 
for the distribution and abundance of the Fox in this study. 
The results of Catling and Burt's (1995a) study and this investigation may be an 
artefact of the survey design (see section 2.8.2). Ideally, to determine if the Fox is more 
abundant in eucalypt forests close to freehold land, equal numbers of survey sites 
should be located< 2 km and> 2 km from freehold land. Nevertheless, both studies 
provide information that can be used by other researchers to investigate habitat 
attributes influencing the distribution and abundance of the Fox in forests. 
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7.5. SUMMARY 
The abundance of the dog, mean annual rainfall and time since logging were 
significantly correlated with the abundance of the Fox in the region. Reasons for these 
results were not clear, but may have been related to the high diversity and abundance 
of prey in the region and structural complexity and density of the understorey. 
None of the habitat attributes examined in this study were significantly correlated with 
the abundance of the dog in the region. This suggested that the dog was not 
constrained by the habitat attributes measured. 
Further research, using more survey sites, is required to elucidate the relationship 
between the Fox and these variables in eucalypt forest environments. 
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8 
THE POTENTIAL IMPACT AND 
CONTROL OF FERAL PREDA TORS IN THE 
SOUTH-EAST FORESTS OF NSW 
8.1 INTRODUCTION 
The overall aim of this project was to gather new information on the potential impact 
of the Cat, Fox and dog on native animals in the forests of south-east NSW. Part of 
this issue was examined initially by investigating the relative effectiveness of four 
techniques for surveying the Cat, Fox and dog, viz:- (i) spotlighting, (ii) scat surveys, 
(iii) scent-station surveys; and (iv) hair-tube surveys. These results provided 
information on the distribution of feral predators in relation to roads, forest edges and 
remote forest habitats. The results also provided information on the relative 
abundance of the Fox and dog in the coastal and escarpment area. They were then 
used to investigate habitat attributes that influence the abundance of the Fox and dog 
in the region. The extent that feral predators used habitat in the vicinity of roads and 
habitat away from roads also was investigated using hair-tubes and radio-tracking 
techniques. 
Scat surveys provided information on the diet of the Fox and dog. Results from diet 
analyses and spotlight surveys were used to explore whether the Fox and dog were 
opportunistic or selective in their choice of prey. The relative risk of prey species to 
predation by the Fox and dog also was assessed. Finally, the data collected in this 
study provided an opportunity to explore the efficacy of poison-baiting for reducing 
the abundance of the Fox and dog in the region during the period of the study. 
A summary of the key findings of this research is provided below, followed by some 
general conclusions and recommendations for future research. 
8.2. SUMMARY OF FINDINGS 
The principal findings of this study were: 
1. Survey Techniques (Chapter 4) 
• Spotlight, scat, scent-station and hair-tube surveys were not equally effective in 
detecting the Cat, Fox and dog. 
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• Results from scat, scent-station and hair-tube surveys provided information on the 
distribution of the Cat, Fox and dog in relation to roads, forest edges and remote 
forest habitat. However, there was some uncertainty about the reliability of these 
field techniques. For example, lures used at scent-stations and hair-tubes may not 
be equally effective in attracting the Cat, Fox and dog. 
• Scat surveys provided information on the abundance of the dog and Fox but not the 
Cat. 
• More research is required to test the reliability and effectiveness of techniques for 
surveying the Cat, Fox and dog in forest environments. 
2. The Distribution And Abundance Of The Cat, Fox And Dog In The South-East Forests 
Of NSW (Chapters 4 And 5) 
• Feral predators were widespread in the study region. 
• The Cat, Fox and dog were recorded on roads, forest edges and remote forest 
habitats. 
• Based on the number of scats collected over the survey period: 
(i) The dog was equally abundant in the coastal and escarpment area (P = 
0.3046), while the Fox was relatively more abundant in the coastal area (P = 
0.0013); 
(ii) The dog was significantly more abundant than the Fox in each area (P = 
0.0001 for the coastal and escarpment area); 
(iii) There was significant variation in the abundance of the dog and Fox at sites 
(P < 0.001); and 
(iv) The abundance of the dog and Fox varied significantly between survey 
periods (P = 0.047 and P < 0.002 for the dog and Fox, respectively). 
• Estimates of the abundance of feral predators in areas away from roads could not 
be determined. This was because hair-tubes were limited in their capacity to 
provide information on animal abundance and only a small number of records was 
obtained. 
3. Efficacy Of Poison-Baiting For The Control Of The Fox And Dog (Chapter 4) 
• An exploratory and very preliminary investigation of data collected in the study 
indicated that poison-baiting did not significantly reduce the abundance of the dog 
(P = 0.174) and Fox (P = 0.714) at sites where baiting occurred during the study. 
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4. Use Of 'Habitat In The Vicinity Of Roads' And 'Habitat Away From Roads' By Feral 
Predators (Chapters 4 and 5) 
• Evidence from hair-tubing, scat surveys and radio-tracking indicated that the Cat, 
Fox and dog used 'habitat in the vicinity of roads' (HVR) (i.e., habitat ::::; 500 m from 
a road) and 'habitat away from roads' (HAR) (i.e., habitat > 500 m from a road). 
• One cat was found to prefer HAR. However, because roads were often located on 
upper slopes and ridges, it was unknown whether the animal was avoiding steep 
terrain or avoiding roads. 
• Forest environments present a number of logistical difficulties for radio-tracking 
feral predators. For example, in this study, the undulating terrain and forest 
vegetation made radio-signal reception problematic. This introduced problems in 
determining the location of animals 
5. The Diet Of The Dog And Fox In The South-East Forests Of NSW (Chapter 6) 
• Twenty-nine species of mammals were identified in the diet of the dog and Fox in 
the region. Most were native taxa (72%) 
• The composition and occurrence of prey species in the diets, or dietary overlap, of 
the dog and Fox within the same area was relatively higher (Do = 0.8041 and D0 = 
0.6556 for the coastal and escarpment area, respectively) than the overall dietary 
overlap (Do = 0.5916). 
• More similarity in the composition and occurrence of prey species in the diet of the 
dog and Fox was found between the areas (Do = 0.9647 and D0 = 0.8967 for the 
dog and Fox, respectively). 
• The dog had a relatively narrow breadth of diet (Db = 1885). This was due to the 
predominance of the Swamp Wallaby in the diet of the dog in the region. 
• The Fox had a broader breadth of diet: no single species dominated the diet of the 
Fox. 
• Large mammals were the most common species in the diet of the dog. Conversely, 
small mammals, such as the Bush Rat, Black Rat and Brown Antechinus, were the 
most common species in the diet of the Fox. Medium-sized species, such as the 
Common Ringtail Possum, brush tail possums and Long-nosed Potoroo formed 
approximately one-third of the diet of the dog and Fox. 
• The extent to which the dog and Fox were opportunistic or selective predators was 
unclear. Overall, the most common large and medium-sized species in the diets of 
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the dog and Fox also were relatively more abundant (e.g., the Swamp Wallaby, 
brushtail possums and Common Ringtail Possum). This suggested that the dog and 
Fox hunted these species in proportion to their abundance (i.e., opportunistically). 
However, this relationship was not always consistent. 
6. The Relationships Between The Abundance Of The Dog and Fox And Habitat Attributes 
(Chapter 7) 
• The abundance of the dog was not significantly correlated with any of the habitat 
attributes measured in this study. 
• The abundance of the Fox was higher where: (i) the abundance of the dog was high; 
(ii) there was less rainfall; and (iii) logging had not occurred 10-20 years ago. 
8.3. THE CAT, Fox AND DOG IN THE SOUTH-EAST FORESTS OF N SW 
- IMPLICATIONS FOR PREY SPECIES AND FERAL-PREDATOR 
CONTROL PROGRAMS 
Several factors were important for assessing the potential impacts of feral predators 
on native mammal populations in the study region. These included: (i) the distribution 
and abundance of the Cat, Fox and dog; (ii) the relative risk of prey species to 
predation by feral predators; (iii) the degree of interspecific interactions between 
species of feral predators; and (iv) the efficacy of current feral-predator control 
regimes. The impact of forestry operations on the distribution and abundance of feral 
predators also was considered. 
Distribution And Abundance 
The Cat, Fox and dog were widespread in the forests of the Eden Management Area 
(EMA). This was clearly illustrated by point locality records for these species 
obtained from the NSW National Parks and Wildlife Service's Wildlife Atlas of NSW 
and the results from this study (Figures 8.1 - 8.3). In this study, the Cat, Fox and dog 
were present on roads and also in areas without roads. Given that an extensive road 
system already exists in the region, it is possible that further road construction may 
further increase the abundance of these predators, rather than introduce them into 
forest areas. This is because the edges of forest habitats that have been fragmented by 
roads potentially support higher abundances of prey species (Adams and Geis 1983; 
Newsome et al. 1983a; Adams 1984; Smith 1989; Gilmore 1990). This may attract and 
support relatively higher abundances of feral predators than would be expected in the 
absence of roads. 
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Due to the limitations of the survey techniques, the abundance of feral predators could 
not be obtained in areas away from roads. However, the abundance of the dog and 
Fox on roads could be ascertained from scat surveys. It was found that the abundance 
of the dog was similar in the coastal and escarpment area, while the Fox was relatively 
more abundant in the coastal area. In addition, the abundance of the dog and Fox was 
not uniform throughout the study period - estimates of abundance varied 
significantly over time within each area and at the site level. 
The spatial and temporal abundance and availability of resources - such as prey -
may have influenced the abundance and distribution of the Cat, Fox and dog in the 
study region (Macdonald 1981, 1983; Newsome et al. 1983a; Jones and Theberge 1982; 
Carr and Macdonald 1986; Ballard et al. 1987; Cavallini and Lovari 1991; Thomson 
1992a; Thompson 1995; Lucherini and Lovari 1996). For example, the observed 
widespread distribution and relatively high abundance of the dog reflected the wide 
distribution and abundance of the Swamp Wallaby-its major prey in the region. 
The abundance of the Fox also may have been related to the abundance and 
distribution of small mammals - its primary prey. For example, the significant 
relationship between the abundance of the Fox and rainfall may have been due 
partially to the presence of favourable habitat for small mammals at these sites: areas 
with lower rainfall may have been characterised by denser understorey vegetation 
(Specht and Morgan 1981), providing suitable habitat for small mammals that were 
prey of the Fox. 
Foraging conditions also may have influenced the abundance and distribution of the 
Fox. For example, it may have been possible that the significant negative relationship 
between the abundance of the Fox and forest that was 10- 20 years old could have 
been due in part to the density of vegetation in these areas: forest that was 10-20 
years old may have been too dense for the Fox to forage efficiently (regardless of 
whether prey was present or not). In forests of other ages, the absence of a uniform 
layer of ground vegetation may improve visibility for foraging and thus facilitate access 
to prey (Yahner and Cypher 1987). 
No estimates of the abundance of the Cat could be obtained. This was because no 
scats from the Cat were found on roads and only limited detections of the species 
were obtained using other field survey methods. 
Interspecific Competition 
The Cat, Fox and dog were recorded at some of the same field sites in this survey. 
This suggested these species were able co-exist in the study region. Evidence from this 
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study also suggested that the dog and Fox may be able to co-exist in relatively high 
abundances (Chapter 7). Co-existence between the Cat, Fox and dog in the EMA may 
have been possible through differences in diet and habitat partitioning as well as the 
avoidance of larger species (the dog) by smaller ones (the Fox and Cat). As discussed 
in Chapter 2.4, the abundance and availability of prey, and the relative ability of 
carnivores to exploit different prey groups, may influence the nature and extent of 
interspecific interactions (White et al. 1994). Some of the information obtained from 
this study (Chapter 6) suggested that there was resource (prey) partitioning between 
the Fox and dog. The moderate overlap in the diet of the Fox and dog suggested that 
they were not in competition for the same food resources: small prey species were 
found to be more at risk of predation by the Fox while large prey species were more at 
risk to predation by the dog. Thus, the co-existence of the Cat, Fox and dog in the 
region may have been facilitated by the diversity and perhaps the relatively higher 
abundances of prey species in the region. This finding supports the theory that 
interference competition may be less severe between sympatric carnivores where the 
abundance and diversity of prey is high (Thurber et al. 1992; White et al. 1994). 
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Figure 8.1 - The distribution of the dog in the south-east forests of NSW. Records for 
Victoria are not shown. (Sources: Wildlife Atlas of NSW; this study). 
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Figure 8.2 - The distribution of the Fox in the south-east forests of NSW. Records for 
Victoria are not shown. (Sources: Wildlife Atlas of NSW; this study) . 
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Figure 8.3 - The distribution of the Cat in the south-east forests of NSW. Records for 
Victoria are not shown. (Sources: Wildlife Atlas of NSW; this study) . 
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The Potential Impact Of Predation By Feral Predators For Native Prey Species 
The widespread distribution and relatively high abundance of feral predators in the 
study region may have detrimental impacts for populations of native mammals, 
particularly those within the Critical Weight Range (CWR). The level of impact may be 
compounded by the relative risk of species to predation. 
All mammal species, with the exception of bats, were considered to be potential prey 
of the Cat, Fox and dog. Small mammals were most at risk from predation by the Fox. 
Thus, compared to the dog, the Fox may be a greater threat to endangered and 
threatened CWR species, such as the Smoky Mouse and White-footed Dunnart. 
Most at risk to predation by the dog were large mammals -particularly the Swamp 
Wallaby. The Swamp Wallaby was relatively abundant and widespread in the study 
areas. However, this does not mean that the dog did not have a significant impact on 
their populations. For example, although the Swamp Wallaby is not currently 
endangered, predation by the dog may affect its breeding cycle (Robertshaw and 
Harden 1986). The possible impacts of predation on species that are not currently 
endangered or threatened, such as the Swamp Wallaby, should be investigated. 
Equally at risk from predation by the Fox and dog were medium-sized mammals -
most of which were CWR species. Thus, both predator species may have similar 
impacts on the survival species, such as the Long-nosed Potoroo and Southern Brown 
Bandicoot, both of which are listed as endangered or vulnerable in the NSW Threatened 
Species Conservation Act 1995. These species rarely occurred in dog and Fox scats. 
However, predator-prey theory suggests that predation may have particularly severe 
impacts on small populations, especially if a more common primary prey is present 
(McCallum et al. 1995; Pech et al. 1995; Sinclair et al. 1998). In addition, predation 
may suppress small populations of prey to the extent that they cannot recover (i.e., 
predator-pit) and thus may be more susceptible to extinction from stochastic events, 
such as drought (see Chapter 2). 
Other factors, such as the ability of prey to avoid predators and weather may 
influence the impact that feral predators have on small, or endangered, populations 
(Newsome et al. 1983a; Pech et al. 1995; Sinclair et al. 1998). In the absence of 
knowledge, such as the range of prey densities over which these predators exert a 
regulatory role, endangered and naturally rare prey species may be able to persist in 
the presence of the Cat, Fox and dog provided that: (i) relatively dense understorey 
vegetation (i.e., their habitat) is maintained to provide refugia from predators; and (ii) 
feral predator populations are effectively controlled to minimise their potential impact. 
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Control Of Feral Predators 
This study found that poison-baiting did not significantly reduce the abundance of the 
Fox and dog at sites where baiting occurred. Furthermore, the impact of poison-baiting 
on populations of the dog and Fox may be short-term at most: populations appeared 
to recover within weeks of baiting (Appendix 7). These results may be partially 
attributable to a number of factors. For example, poison-baiting was conducted only 
on roads and thus targeted animals using roads during this study. However, the Cat, 
Fox and dog were detected in areas more than 1.5 km from roads (Chapter 5). It was 
possible that animals killed by baiting on roads may have been rapidly replaced by 
animals occupying adjacent areas off-roads - particularly if roads do provide 
favourable foraging conditions for feral predators (see above and Chapter 2.6.3). 
Poison-baiting also may have been effective at killing more susceptible individuals of a 
population, such as young, naive and/ or dispersing individuals, that were not part of 
the breeding population (Harris 1983; Thomson 1986; Allen et al. 1996; Chapter 4.4.4). 
A proportion of the population also may be 'bait-shy' and thus more difficult to target 
(Trewhella et al. 1991; Thompson and Fleming 1994; Allen et al. 1996). This may have 
been more likely in the escarpment area where free-baiting occurred. In the long-term, 
poison-baiting also may be altering the social structure of Fox and dog populations 
which may enhance population recovery. For example, poison-baiting may split social 
groups into smaller units, resulting in high breeding rates due to the removal of social 
inhibitions on breeding (Rausch 1967; Corbett 1995a). 
The timing of control programs is an important consideration. For example, the 
likelihood of killing young, naive and/ or dispersing Foxes may be less likely if control 
programs are conducted in late winter and spring when few individuals are dispersing 
and the population is at an annual low (Phillips et al. 1972). However, the likelihood 
of killing non-target species (e.g., the Spotted-tail Quoll) at different times of the year 
also need to be considered. If feral-predator control is intensified during adverse 
environmental conditions, small populations of native species may be able to recover 
more readily once suitable conditions for reproduction return. 
In the absence of widespread effective strategies for controlling feral predators, 
poison-baiting may need to be conducted more intensively, both temporally and 
spatially (i.e., more frequently and over a larger area). It may be beneficial to vary the 
bait-media to target 'bait-shy' individuals. It also may be useful to investigate 
mechanisms for controlling feral predators in areas away from roads. Current control 
strategies should be intensified in areas where high abundances of feral predators 
occur - particularly the Fox - and where threatened CWR mammals are present. 
The results of this study suggested that more intensive feral-predator control may need 
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to be undertaken in coastal area. This is because relatively high abundances of the Fox 
and three CWR species that were listed as endangered or vulnerable in the NSW 
Threatened Species Conservation Act 1995 (i.e., Southern Brown Bandicoot, Long-nosed 
Potoroo and Smoky Mouse; Table 6.3) were recorded in this area. 
8.4. CA VEA TS AND CONSIDERATIONS FOR FUTURE SURVEYS 
Studies of feral predators in forest ecosystems do not lend themselves to traditional 
statistical inference. Ideally, studies of this nature require spatial replication, at both 
the area (or domain) and site levels, and temporal replication over periods of many 
years. Spatial replication was not possible in this study because the areas used for 
stratification were limited in their distribution (Figure 3.2). Problems also arose in 
identifying sites that were spatially independent (Chapter 3). Hence, the number of 
sites within each of the areas was limited to 15. Even if a larger number of 
independent sites was available, the logistics of conducting these surveys over large 
areas would be difficult without substantial resources. 
The logistics of conducting remote area surveys also was problematic. Apart from the 
limited number of areas considered to be remote from roads in the region, and the 
logistics of accessing these areas, effective and efficient methods for surveying feral 
predators in remote locations also need to be developed. In this study, hair-tubes were 
the most effective technique for detecting feral predators away from roads. However, 
they were not effective for providing information on the abundance of the Cat, Fox and 
dog (Chapter 4). 
Logistical constraints also arose during the radio-tracking component of the study. 
Only two animals were trapped during the time allocated for this aspect of the study. 
One of the animals could not be detected after a few days. The nature of the 
environment also made obtaining fixes on the remaining animal extremely difficult. 
Data from hair-tube and scent-station surveys were insufficient to conduct statistical 
tests. For example, only 13 Cat, 11 dog, and zero Fox footprints were recorded at 
scent-stations in the escarpment area over a total of 300 scent-station nights. Hence, 
data were too scant for statistical analysis and only a crude descriptive assessment of 
the results could be made. Ways to increase the potential for obtaining more records 
of feral predators using scent-stations include: (i) increasing the time spent conducting 
scent-station surveys; (ii) increasing the frequency of surveys; and/ or (iii) increasing 
the number of scent-stations. However, as mentioned above, increasing the number of 
sites in this study was not possible, nor desirable, as the assumption that sites were 
independent would have been breached. In addition, increasing the period of each 
Chapter 8: 232 
survey, or the frequency of scent-station surveys, may have compromised the time 
available for undertaking the other surveys employed in this study (i.e., hair-tube, scat 
and spotlight surveys). 
Interpretation of the results from surveys was difficult and relied on several 
assumptions. For example, the rate of defaecation by the Fox and dog was assumed 
to be equal and similar throughout the year. Lures/scents used in hair-tubes and 
scent-stations were assumed to be effective for attracting feral predators. However, as 
discussed in Chapter 4, the response of feral predators to lures/scents may differ 
between individuals, time of year, and the physiological state of individuals. 
8.5. RESEARCH RECOMMENDATIONS 
Limited research has specifically addressed the impact of feral predators on native 
species, and how forestry operations may influence these relationships. Given this, the 
following areas have been recommended for further study: (i) the effects of feral 
predators on native forest fauna; and (ii) the impact of forestry operations on the 
distribution and abundance of feral predators. In addition, measures to mitigate the 
possible impacts of forestry operations on feral predator populations have been 
provided. 
The research recommended below involves completing large-scale, controlled and 
replicated studies to investigate the impact of feral predators on native forest fauna. 
This will ensure that the conclusions are unequivocal; that is, that the results are 
unambiguous and defensible (Caughley and Gunn 1996). Conducting such research 
will be expensive. 
8.5.1. THE IMPACT OF FERAL PREDATORS ON NATIVE FOREST FAUNA 
The following research is recommended (in order of priority) to assess the impact of 
feral predators on native forest fauna. 
1. Develop Techniques To Confidently Assess The Abundance Of The Cat, Fox And Dog In 
Forest Environments 
Survey techniques are required that can provide reliable information on the abundance 
of feral predators. This could be done by using a particular survey technique in a 
number of locations, and then killing all the feral predators in the area using intensive 
trapping, shooting, and the target-specific lethal baits (e.g., cyanide). The number of 
individuals would then be known. A measure of the accuracy of the method for 
estimating abundance could then be ascertained. The rate at which areas are 
Chapter 8: 233 
recolonised by feral predators also could be assessed by such a study. This 
information could aid making decisions on the frequency with which control programs 
should be conducted. 
2. Research Methods For Controlling The Cat, Fox and Dog 
The effectiveness of poison-baiting regimes requires investigation. In particular, 
research is required to: (i) demonstrate the efficacy of poison-baiting on feral predator 
populations at different intensities of poison-baiting; and (ii) investigate ways of 
targeting feral predators in areas without roads. These types of studies also may yield 
information on the effect of dog control on pop~lations of the Cat and Fox (see 
Research Recommendation 7). 
Research into control methods is important. This is because the response of feral 
predators to different control methods in one environment, or region, may be different 
from their response in another. For example, Short et al. (1995) found that cyanide 
baiting was not particularly effective in controlling Cat populations on Heirrison 
Prong, Western Australia. In contrast, Christensen and Burrows (1995) found that 
cyanide baiting successfully controlled Cat, Fox and dog populations in the Gibson 
Desert. 
3. Clarify The Impact Of The Cat, Fox And Dog On Forests Dwelling Mammals 
To clarify the impact of feral predators on forest mammals, controlled and replicated 
field experiments need to be undertaken (Underwood 1994; Dickman 1995a; Caughley 
and Gunn 1996). Large-scale, spatially and temporally replicated and controlled 
experiments, possibly using asymmetricaJ21 survey designs, could be used 
(Underwood 1994). Study areas need to be large enough for species to show a 
response, and located sufficiently far enough apart that the control areas and 
manipulated feral population areas are independent (Dickman 1995a). Such a study 
should be conducted over an appropriate time frame so that the response of target 
species to predation by feral predators could be ascertained. The response will 
depend on the native mammal species being investigated. For example, the response 
of species that occur at a low population density or have a low fecundity may take 
several years to evaluate (Dickman 1995a). 
The results from Research Recommendations 2 and 3 may guide the selection of 
appropriate areas for such experiments. Ideally, this experiment would require the 
exclusion of feral predators from areas, using artificial barriers such as fences (e.g., 
21 Survey design that uses one putatively impacted and several control locations to detect 
environmental impacts, including those that do not affect long-run mean abundances but do 
alter temporal variance (Underwood 1994). 
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Short et al. 1995). This approach would be impractical at a large-scale in forest 
environments. It may be feasible if the response of target native mammal populations 
chosen for investigation have small home-range requirements or limited distributions. 
However, to maximise the returns from field experiments, the responses of all 
potentially impacted species should be monitored (Dickman 1995a). 
An alternative approach would be to monitor the response of target species under high 
and low abundances of feral predators. This may be more practical because of the 
difficulty of eliminating/ excluding feral predators from forest environments. Low 
abundances of feral predators could be maintained by intensive poison-baiting 
regimes. Frequent monitoring of feral predator populations would be required to 
ensure that feral predator populations were maintained at low levels. The frequency 
of applying control measures would be determined by the results of monitoring. 
The impact of feral predators on target species may be determined by the response of 
these species (in terms of abundance) following feral-predator control (Dickman 
1995a). The degree of population increase would provide a measure of the degree of 
impact (Dickman 1995a). Other responses, such as changes in breeding patterns -
and behavioural changes such as foraging behaviour in relation to proximity to cover-
also may promote the understanding of the impacts of feral predators on prey species 
(Robertshaw and Harden 1986; Kinnear et al. 1988; Banks et al. 1999). 
4. Investigate The Relative Impact Of Predation By The Cat, Fox And Dog On Native 
Species In Different Forest Regions 
This research could be conducted in conjunction with Research Recommendations 2-4. 
However, instead of controlling all feral predators, specific control of the Cat, Fox and 
dog would be required. The response of native mammals would then be measured in 
each of the areas (Research Recommendation 3). This type of experiment also may 
yield information on the effect of dog control on populations of the Cat and Fox. 
The scale of such an experiment would be considerably larger than that proposed for 
Research Recommendation 3, as several replicates would be required where: (i) only 
the Cat was controlled; (ii) only the Fox was controlled; and (iii) only the dog was 
controlled. These replicates would be in addition to areas with no control of feral 
predators. Control methods targeting the Cat, Fox and dog independently need to be 
developed before such an experiment could be conducted. 
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5. Investigate Whether Feral Predators Are Selective In Their Choice Of Prey And The 
Consequences For Prey Populations 
The extent to which the Fox and dog were selective or opportunistic in their choice of 
prey was unclear in this study (Chapter 6). Clarification may require studies similar to 
that of Robertshaw and Harden (1986), but would involve a greater array of prey 
species. 
In addition to information on the prey species consumed by predators, diet analyses 
also would include information on individual prey's sex and age (e.g., Robertshaw and 
Harden 1986). This information could be used to assess whether the choice of prey by 
the Fox and dog was in part determined by the availability of prey, rather than the 
abundance of prey per se. Trapping techniques, such as mark-recapture procedures 
(e.g., Lebreton et al. 1992), would provide estimates of prey abundance and yield 
information on the age structure of these populations over time. This would identify 
the proportion of the prey population that is most susceptible to predation by the Fox 
and dog. 
8.5.2. 1liE IMPACT OF FORESTRY OPERATIONS ON THE DISTRIBUTION AND 
ABUNDANCE OF FERAL PREDATORS 
The following research recommendations may help assess the impact of forestry 
operations on feral predator populations. 
1. Research And Monitor The Density And Distribution Of Feral Predators Before And After 
Roading, Logging And Prescribed Burning 
The design of experiments to assess the impact of forestry operations on feral predator 
populations could follow those outlined above (Section 8.5.1). 
An intensive radio-tracking study may be an appropriate means for investigating the 
use of roads, and areas away from roads, by feral predators. In addition to trapping 
and fitting radio-collars to animals on roads, animals would need to be trapped and 
collared in areas away from roads. This would enable the response of feral predators 
to disturbance to be determined. 
A number of areas scheduled for roading/logging/burning could be identified in 
addition to an appropriate number of control areas. The sub-catchment level may be 
an appropriate scale to monitor the response of feral predator populations, 
particularly for investigating the effect of roading on feral predator populations. The 
Chapter 8: 236 
'compartmenf22 level may be an appropriate scale for investigating the response of 
feral predators to logging and prescribed burning. 
2. Inves tigate The Level Of Predation In Areas With Reduced Ground Cover And The Prey 
Species Most At Risk 
Determining the foraging behaviour of feral predators using radio-telemetry before and 
after vegetation cover has been removed may elucidate their response to the removal of 
vegetation. Prey populations would likewise need to be monitored before and after 
ground cover vegetation was removed. This may identify the effect of reduced 
vegetation cover on predation and the prey species most threatened. 
It would be appropriate to conduct such an experiment over a period of several years 
to investigate the recovery of native mammal populations over time, particularly in 
relation to forest regeneration. 
3. Investigate The Dispersal Characteristics Of Feral Predators And Identify The Potential 
Sources Of Feral Predators In Forest Environments 
Such an investigation would identify the factors which influence the dispersal of feral 
predators. For example, the influence of roads on dispersal and whether freehold land 
provides a source of feral predators. 
Radio-telemetry could be used for this investigation. Large-scale radio-tracking 
studies of young dispersing individuals from adjacent cleared land and forest habitat 
would yield information on dispersal patterns and determine whether roads play a 
role in promoting their movement into forest environments. 
22 The basic administrative unit of a State Forest in NSW. 
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SPECIES MENTIONED IN THE 
TEXT 
Scientific Nomenclature Common Name 
Montotremes 
Tachyglossus aculeatus Short-beaked Echidna 
Dasyurids 
Dasyurus maculatus Spotted-tailed Quoll 
Dasyurus viverrinus Eastern Quoll 
Dasyurus geoffroii Western Quoll 
Dasycercus cristicauda Mulgara 
Sarcophilus harrisii Tasmanian Devil 
Phascogale tapoatafa Brush-tailed Phascogale 
Antechinus stuartiil Brown Antechinus 
Antechinus minimus Swamp Antechinus 
Antechinus swainsonii Dusky Antechinus 
Sminthopsis leucopus White-footed Dunnart 
Sminthopsis crassicaudata Fat-tailed Dunnart 
Thylacine 
Thylacinus cynocephalus Thylacine 
Numb at 
Myrmecobius Jasciatus Numbat 
Bandicoots and Bilbies 
Perameles gunnii Eastern Barred Bandicoot 
Perameles bougainville Western Barred Bandicoot 
Perameles nasuta Long-nosed Bandicoot 
Isoodon obesulus Southern Brown Bandicoot 
Macrotis lagotis Bilby 
Wombats and Koalas 
Phascolarctos cinereus Koala 
Lasiorhinus krefftii Northern Hairy-nosed Worn.bat 
Vombatus ursinus Common Wombat 
1 This species in the forests of south-east NSW has more recently been classified as a 
separate species of antechinus; the Agile Antechinus which is yet to receive a scientific name. 
This species has been referred to as Antechinus stuartii in the text to minimise confusion and is 
in accordance with the identification of the species when the study was conducted and is 
consistent with other published data on this animal in the region. However, there appears to 
be no overlap between the two species in the south-east forests of NSW (Dickman 1995b) and 
should be referred as the Agile Antechinus in the future. 
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Scientific Nomenclature Common Name 
Possums and Gliders 
Cercartetus nanus Eastern Pygmy Possum 
Petaurus australis Yellow-bellied Glider 
Petaurus breviceps Sugar Glider 
Petauroides volans Greater Glider 
Pseudocheirus peregrinus Common Ringtail Possum 
Pseudocheirus occidentalis Western Ringtail Possum 
Acrobates pygmaeus Feathertail Glider 
Trichosurus caninus Mountain Brushtail Possum 
Trichosurus vulpecula Common Brushtail Possum 
Potoroos and Bettongs 
Potorous longipes Long-footed Potoroo 
Potorous tridactylus Long-nosed Potoroo 
Potorous platyops Broad-faced Potoroo 
Aepyprymnus rufescens Rufous Bettong 
Bettongia penicillata Brush-tailed Bettong 
Bettongia lesueur Burrowing Bettong 
Bettongia gaimardi Tasmanian Bettong 
Kangaroos and Wallabies 
Lagorchestes conspicillatus Spectacled Hare-wallaby 
Lagorchestes hirsutus Rufous Hare-wallaby 
Lagorchestes asomatus Central Hare-wallaby 
Lagostrophus Jasciatus Banded Hare-wallaby 
Petrogale lateralis Black-footed Rock-wallaby 
Petrogale penicillata Brush-tailed Rock-wallaby 
Petrogale assimilis Allied Rock-wallaby 
Petrogale rothschildi Rothschild's Rock-wallaby 
Thylogale stigmatica Red-legged Pademelon 
Thylogale thetis Red-necked Pademelon 
Thylogale billardierii Tasmanian Pademelon 
Macropus parma Parma Wallaby 
Macropus eugenii Tammar Wallaby 
Macropus giganteus Eastern Grey Kangaroo 
Macrapus rufus Red Kangaroo 
Macrapus robustus Common Wallaroo 
Macrapus rufogriseus Red-necked Wallaby 
Setonix brachyurus Quokka 
Caloprymnus campestris Desert Rat-kangaroo 
Wallabia bicolor Swamp Wallaby 
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Scientific Nomenclature Common Name 
Rats and Mice 
Leporillus conditor Greater Stick-nest Rat 
Notomys macrotis Big-eared Hopping Mouse 
Rattus fuscipes Bush Rat 
Rattus lutreolus Swamp Rat 
A1astacomysfuscus Broad-toothed Rat 
Hydromys chrysogaster Water Rat 
Pseudomys fumeus Smoky Mouse 
Reptiles 
Varanus spp. Goannas 
Birds 
Ninox strenua Powerful Owl 
Tyto alba Barn Owl 
Tyto novaehollandiae Masked Owl 
Tyto tenebricosa Sooty Owl 
Elanus scriptus Letter-winged Kite 
Accipiter fasciatus Brown Goshawk 
Falco peregrinus Peregrine Falcon 
Aquila audax Wedge-tailed Eagle 
Dromaius novaehollandiae Emu 
Corvus mellori Little Raven 
A1enua superba Superb Lyrebird 
Leipoa ocellata Malleefowl 
Stictonetta naevosa Freckled Duck 
Cyanoramphus novaezelandiae erthrotis Macquarie Island Parakeet 
Tortoises 
Emydura spp. Murray River Tortoise 
Introduced Mammals 
Canis lupus dingo/C. familiaris Domestic Dog, Dingo and their hybrids 
Vulpes vulpes Fox 
Felis catus Cat 
Oryctolagus cuniculus Rabbit 
Bos taurus Cow 
Ovis aries Sheep 
Capra hircus Goat 
Sus scrofa Pig 
Rattus rattus Black Rat 
Cervus unicolor Sambar Deer 
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Scientific Nomenclature Common Name 
Exotic Mammals 
Clethrionomys glareolus Bank Vole 
Lemmus sibiricus Siberian Lerruning 
Lemmus lemmus Norwegian Lemming 
Dicrostonyx torquatus Collared Lemming 
Rattus norvegicus Norway Rat 
Eligmodontia typus Silky Mouse 
Felis rufus Lynx 
Felis pardina Iberian Lynx 
Lycaon pictus Wild Dog 
Canis latrans Coyote 
Canis lupus Gray Wolf 
Urocyon cinereoargenteus Grey Fox 
Vulpes macrotis mutica San Joaquin Fox 
Alopex lagopus Arctic Fox 
Dusicyon culpaeus Patagonian Culpeo Fox 
Crocuta crocuta Spotted Hyena 
Felis concolor Mountain Lion 
Panthera Leo Lion 
Panthera tigris Tiger 
Acinonyx jubatus Cheetah 
Procyon lotor Raccoon 
Mustela nivalis Weasel 
Herpestes ichneumon Mongoose 
Genetta genetta Genet 
Martes pennanti Fisher 
Odocoileus hemionus Mule Deer 
Odocoileus hemionus columbianus Black-tailed Deer 
Alecs alecs Moose 
Rangifer tarandus Barren-ground Caribou 
Lepus americanus Snowshoe Hare 
Lepus arcticus Arctic Hare 
Enhydra lutris Sea Otter 
Exotic Birds 
Acciptiter nisus Goshawk 
Bubo virginianus Great Homed Owl 
Nyctea scandiaca Snowy Owl 
Nyctea scandiaca Tengmalm's Owl 
Xenicus lyalli Stephen Island's Wren 
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APPENDIX 2 - GLOSSARY OF TERMS AND 
ACRONYMS 
abw: 
Available prey: 
Carrying capacity: 
Coastal area: 
Critical Weight Range: 
(CWR) 
Dietary breadth: 
Dietary overlap: 
Edge habitat: 
EMA: 
Endangered species: 
average adult body weight 
the proportion of a prey population which is susceptible 
to predation. For example, young animals may be more 
susceptible than adult animals. 
the maximum number of animals that the resources 
available in an area of land can support. 
a major study area in the region defined as having a 
relatively low level of biological productivity. 
Burbidge and McKenzie (1989) identified mammals 
with an adult body weight of between 35-5500 gas being 
particularly vulnerable to extinction and therefore of high 
conservation priority. 
Dietary breadth. 
The variety of resources exploited (i.e., manunal species) 
by the dog and fox. 
The extent to which the fox and dog preyed upon the 
same species. 
Dietary overlap. 
Habitat from the road-side verge boundary up to 500 m 
into adjacent undisturbed forest. 
Eden Management Area 
The Environment Protection and Biodiversity Conservation 
Act 1999 considers a species to be endangered if: (i) it is 
likely to become extinct wtless the circumstances and 
factors threatening its abundance, survival or evolutionary 
development cease to operate; or (ii) its numbers have 
been reduced to such a critical level, or its habitats have 
been so drastically reduced, that it is in inunediate danger 
of extinction. 
Environmental domain: 
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the result of environmental domain analysis which 
incorporates the physical components of the study region 
which moderate physical processes, plant productivity 
and animal population responses to the environment. 
These include terrain, climate and substrate components 
(Joint Scientific Committee 1990). 
Escarpment area: a major study area in the region defined as having a 
relatively high level of biological productivity. 
Exploitation competition: one predator species ability to exclude another by being 
more efficient at exploiting available prey types (White et 
al. 1994). 
Free-baiting: 
Guild: 
HAR: 
the random distribution of fist sized lumps of meat which 
have been injected with 1080 along roads within the 
escarpment area. 
a group of species that exploit the same class of 
environmental resources in a similar way (Polis et al. 
1989). 
Habitat away from roads, i.e., habitat more than 500 m 
from a road. 
HVR: Habitat in the vicinity of roads, i.e., roads and habitat 
within 500 m of a road. 
Interference competition: killing or displacing one predator species by another. 
(White et al. 1994). 
Large mammals: species with as adult body weight of greater than 10 kg. 
Medium-sized mammals: species with an adult body weight of between 0.75-10 kg. 
Mound-baiting: a two-staged baiting program where lumps of un-
poisoned and poisoned meat are buried in sand mounds. 
NPWS: 
Opportunistic hunting: 
Overstorey vegetation: 
National Parks and Wildlife Service. 
prey species are preyed upon in proportion to their 
abundance. 
the tallest structural layer in a forest community. 
Prescribed burning: 
Region: 
Regrowth forest: 
Remote habitat: 
RLPB: 
Road habitat: 
Scat: 
Scat transect: 
Scent-station: 
Secondary roads: 
Selective hunting: 
Site: 
Small mammals: 
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the planned application of fire to a given area under 
specified conditions to reduce the volume of combustible 
material on the forest floor. 
a term used to refer to the escarpment area and coastal 
area collectively. 
a forest stand established by natural regeneration after 
major disturbance (e.g., logging, fire) of the previous forest 
canopy. 
unlogged forest habitat at least 1.5 km from the nearest 
road. 
Rural Lands Protection Board. 
the area covered by roads including road-side verges. 
the faeces of animals. Scats were used for several 
purposes including: (i) assessment of the diet of the dog 
and fox in the region; (ii) as a comparative survey 
technique; and (iii) to assess the relative abundance of the 
dog and fox in each of the areas in the study. 
500 m long transect at each site from which scats were 
collected every two months for a period of one year. 
a mound of sand which records the presence of feral 
predators (by paw-prints) of predators by using lures 
(odours). 
all-weather roads with a minimum pavement width of 3.7 
m and a formation width of 5.5 m and meeting 
requirements of at least 30 km/hr design speed (Forestry 
Commission of NSW 1990). 
preferential hunting of some prey species are over others. 
specific locations where feral predator surveys using a 
variety of techniques were conducted and where 
information on the diet of the dog and fox was primarily 
obtained. There were 15 sites per area, or a total of 30 
sites for the region. 
species with adult body weight of less than 0.75 kg. 
Tertiary (feeder) roads: 
Threatening process: 
Understorey vegetation: 
Undisturbed forest: 
Vulnerable species: 
Wildfire: 
Wildlife corridors: 
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single lane, substantially all weather roads, with a 
minimum pavement width of 3 m, formation width of 4.2 
m, with passing places and meeting the requirements of at 
least 20 km/hr design speed (Forestry Commission of 
NSW 1990). 
a process that threatens, or may threaten, the survival, 
abundance or evolutionary development of a native 
species or ecological community (Environment Protection 
and Biodiversity Conservation Act 1999 ) 
the layer of forest vegetation between the overstorey and 
the ground layer. 
forest habitat which has not been logged. 
the Environment Protection and Biodiversity Conservation 
Act 1999 considers a species to be vulnerable if, within 
the next 25 years, the species is likely to become 
endangered unless the circumstances and factors 
threatening its abundance, survival or evolutionary 
development cease to operate. 
an unplanned fire. 
a strip of vegetation that has been retained to provide 
continuity of undisturbed habitat for wildlife management 
(State Forests of NSW 1994). 
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APPENDIX 3 - THE NUMBER OF SCATS 
COLLECTED AT EACH SITE FOR EACH 
SURVEY PERIOD 
NB: Shaded cells indicate the sites where poison-baiting occurred and the number of 
scats post-baiting 
AREA SITE MONTH No.SCATS 
Dog Fox Total 
COASTAL Burrawang February 0 0 0 
April 0 0 0 
June 2 3 5 
August 5 0 5 
October 5 1 6 
December 1 0 1 
Total 13 4 17 
Average 2.17 0.67 2.83 
Causeway February * * * 
April 5 1 6 
June 4 9 13 
mound-baiting August 4 2 6 
October 4 3 7 
December 8 3 11 
Total 25 18 43 
Average 5.00 3.60 8.60 
Dobbyns February 9 2 11 
April 3 3 6 
June 7 0 7 
mound-baiting August 4 4 8 
October 11 6 17 
December 7 6 13 
Total 41 21 62 
Average 6.83 3.50 10.33 
Dulin February 1 0 1 
April 4 0 4 
June 6 0 6 
mound-baiting August 7 0 7 
October 6 0 6 
December 3 0 3 
Total 27 0 27 
Average 4.50 0.00 4.50 
Goanna February 1 0 1 
April 1 0 1 
June * * * 
August 2 0 2 
October 2 3 5 
December 2 0 2 
Total 8 3 11 
Average 1.60 0.60 2.20 
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AREA SITE MONTH NO.SCATS 
Dog Fox Total 
Coastal Gree February * * * 
April 4 0 4 
June 2 6 8 
August 2 0 2 
October 2 0 2 
December 2 4 6 
Total 12 10 22 
Average 2.40 2.00 4.40 
Kingfisher February 12 2 14 
April 5 0 5 
June 8 6 14 
August 7 3 10 
October 0 4 4 
December 3 0 3 
Total 35 15 50 
Average 5.83 2.50 8.33 
Leo's Creek February 2 0 2 
April 2 1 3 
June 0 1 1 
mound-baiting August 1 1 2 
October 0 0 0 
December 0 1 1 
Total 5 4 9 
Average 0.83 0.67 1.50 
Mitchell 's Creek February 2 0 2 
April 2 4 6 
June 0 3 3 
August 12 8 20 
October 3 2 5 
December 3 1 4 
Total 22 18 40 
Average 3.67 3.00 6.67 
Mustering Ground Februa ry 1 0 1 
April 0 0 0 
June 0 0 0 
August 2 0 2 
October 2 0 2 
December 4 0 4 
Total 9 0 9 
Average 1.50 0.00 1.50 
Myrra il February * * * 
A pril 3 0 3 
June 6 3 9 
August 8 6 14 
October 1 0 1 
December 4 1 5 
Total 22 10 32 
Average 4.40 2.00 6.40 
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AREA SITE MONTH NO.SCATS 
Dog Fox Total 
COASTAL N ullica February ,. ,. * 
April 2 0 2 
June 8 2 10 
August 9 1 10 
October 2 0 2 
December 0 1 1 
Total 21 4 25 
Average 4.2 0.8 5 
Old Hut February * * 
,. 
April 2 3 5 
June 2 0 2 
August 4 3 7 
October 2 2 4 
December 3 0 3 
Total 13 8 21 
Average 2.6 1.6 4.2 
Predator February * * * 
April 1 0 1 
June I 4 0 4 
August 6 0 6 
October 2 0 2 
December 5 0 5 
Total 18 0 18 
Average 3.6 0 3.6 
Sugarloaf February * * * 
April 0 0 0 
June 6 1 7 
August 1 0 1 
October 0 0 0 
December 3 0 3 
Total 10 1 11 
Average 2 0.2 2.2 
Total number of 
scats collected in 281 116 397 
the coastal area 
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AREA SITE MONTH NO. SCATS 
Dog Fox Total 
ESCARPMENT Bemboka February 2 2 4 
April 2 1 3 
June 0 0 0 
free-bai ting August 0 0 0 
October 3 1 4 
December 1 0 1 
Total 8 4 12 
Average 1.33 0.67 2.00 
Dragon Swamp February 2 3 5 
April 0 0 0 
June 3 0 3 
free-baiting August 1 4 5 
October .. .. * 
December 2 0 2 
Total 8 7 15 
Average 1.6 1.4 3 
Fas tiga ta February .. .. .. 
April 0 0 0 
June 2 1 3 
free-bai ting August 1 0 1 
October .. * .. 
December .. * .. 
Total 3 1 4 
Average 1.00 0.33 1.33 
Fraxinoides February 1 3 4 
April 4 0 4 
June 1 1 2 
free-ba iting August 1 0 1 
October .. * .. 
December * * * 
Total 7 4 11 
Average 1.75 1.00 2.75 
Mines February * * * 
April 0 0 0 
June 4 1 5 
August 5 0 5 
October 0 0 0 
December 2 0 2 
Total 11 1 12 
Average 2.20 0.20 2.40 
New Line February * * * 
April 0 0 0 
June * * * 
August 0 0 0 
October 0 0 0 
December 2 0 2 
Total 2 0 2 
Average 0.50 0.00 0.50 
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AREA SITE MONTH NO. SCATS 
Dog Fox Total 
ESCARPMENT New Trig February 1 0 1 
April 6 1 7 
June 9 0 9 
August 1 0 1 
October 3 0 3 
December 6 0 6 
Tota l 26 1 27 
Average 4.33 0.17 4.50 
Packers Swamp 1 Februa ry 2 1 3 
April 1 2 3 
June 4 1 5 
free-baiting August 2 0 2 
October 1 0 1 
December 0 0 0 
Total 10 4 14 
Average 1.67 0.67 2.33 
Packers Swamp II February * * * 
April 2 1 3 
June 5 0 5 
free-baiting August 2 3 5 
October 1 0 1 
December 0 0 0 
Total 10 4 14 
Average 2.00 0.80 2.80 
Rayne rs February * * * 
April 1 0 1 
June 4 0 4 
free-baiting August 2 0 2 
October 1 0 1 
December 0 0 0 
Total 8 0 8 
Average 1.60 0.00 1.60 
Solomons Februa ry 2 0 2 
April 4 0 4 
June 9 3 12 
August 4 0 4 
October 2 1 3 
December 6 0 6 
Total 27 4 31 
Average 4.50 0.67 5.17 
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AREA SITE MONTH NO.SCATS 
Dog Fox Total 
ESCARPMENT Tantawangalo February .. .. * 
April .. .. .. 
June 1 0 1 
August 5 1 6 
October 2 0 2 
December 4 0 4 
Total 12 1 13 
Average 3.00 0.25 3.25 
Waratah February 14 1 15 
April 1 0 1 
June 6 0 6 
August 3 1 4 
October 0 0 0 
December 1 1 2 
Tota l 25 3 28 
Average 4.17 0.50 4.67 
Wog Way I February 7 1 8 
April 5 1 6 
June 5 0 5 
mound-baiting August 1 0 1 
October 13 0 13 
December 11 1 12 
Total 42 3 45 
Average 7.00 0.50 7.50 
Wog Way II February 5 0 5 
April 0 0 0 
June 4 0 4 
mound-baiting August 3 0 3 
October 0 1 1 
December 4 0 4 
Total 16 1 17 
Average 2.67 0.17 2.83 
Total number of 
scats in the 215 38 253 
escarpment area 
Total no. of scats 496 154 650 
(escapment+coastal) 
APPENDIX 4 THE DIET OF THE DOG AND FOX FROM THE ESCARPMENT AND 
COASTAL AREA FOR EACH SURVEY PERIOD 
Key: 
0 -E =dog scats collected from the escarpment area; D-C = dog scats collected from the coastal area; F-E = fox scats collected from the escarpment area; F-C = fox 
scats collected from the coastal area; F/ D =scats that could not be identified as dog or fox; L =large mammals; M = medium-sized mammals; S = small mammals; 
0th. = non-mammalian taxa 
a) Dece b F b m er- e ruary 
Species # SIZE D-E D-C F-E F-C F/D-E F/D-C Total Dog Total Fox Total D/F TOTAL 
Wallabia bico/or 1 L 59 43 7 2 4 3 102 9 7 118 
Vombatus ursinus 2 L 10 11 2 1 1 0 21 3 1 25 
Bos taurus 3 L 1 1 0 0 0 0 2 0 0 2 
Macrovus rufoviseus 4 L 0 1 1 0 0 0 1 1 0 0 
Macropus !li!lanteus 5 L 1 1 0 0 0 1 2 0 1 3 
Macrovus s p p. 6 L 0 0 0 0 0 0 0 0 0 0 
Sus scrofa 7 L 0 0 0 0 0 0 0 0 0 0 
Cavra hircus 8 L 0 0 0 0 0 0 0 0 0 0 
Canis fa miliaris 9 L 0 1 1 0 0 0 1 1 0 2 
Ovis aries 10 L 0 0 0 0 0 0 0 0 0 0 
Pseudocheirus vere!lrinus 11 M 3 5 7 7 2 1 8 14 3 25 
Trichosurus sp p . 12 M 6 11 3 1 0 1 17 4 1 22 
Orvctola!(us cuniculus 13 M 11 1 4 2 4 0 12 6 4 22 
Perameles nasuta 14 M 3 12 1 4 0 2 15 5 2 22 
Petauroides volans 15 M 3 0 0 0 1 0 3 0 1 4 
Tach11!i<lossus aculeatus 16 M 1 2 0 0 0 0 3 0 0 3 
Felis catus 17 M 1 0 0 0 0 0 1 0 0 1 
Potoruous tridactvlus ' 18 M 0 0 0 0 0 0 0 0 0 0 
Jsoodon obesulus 19 M 0 0 0 0 0 0 0 0 0 0 
Vulpes vulpes 20 M 1 0 0 0 0 0 1 0 0 1 
Antechinus swainsonii 21 s 4 5 0 5 0 0 9 5 0 14 
Rattus sv. 22 s 7 6 1 6 2 0 13 7 2 22 
Rattus fuscives 23 s 8 8 11 1 1 0 16 12 1 29 
Rattus rattus 24 s 4 0 3 2 2 0 4 5 2 11 
Antechinus stuartii 25 s 0 1 4 1 0 2 1 5 2 8 
Petaurus brevicevs 26 1 s 0 2 0 l 0 0 2 1 0 3 
Antechinus svv. 27 s 0 2 0 0 0 0 2 0 0 2 
Rattus lutreolus 28 s 0 1 0 0 0 0 1 0 0 1 
Cercarletus nanus 29 s 1 0 0 0 0 0 1 0 0 1 
Pseudomvs fllmeus 30 s 0 0 0 0 0 0 0 0 0 0 
Deccmb F b er- e ruary cont... 
Species # SIZE D-E D-C F-E F-C F/D-E F/D-C Total Dog Total Fox Total DIF TOTAL 
Sminthopis leucovus 31 s 0 0 1 0 0 0 0 1 0 1 
H11drom11s chntso~aster 32 s 0 0 0 0 0 0 0 0 0 0 
bird remains 33 0th. 7 2 2 0 1 0 9 2 1 12 
reptile remains 3 4 0th. 1 1 3 1 0 0 2 4 0 6 
insect remains 35 0th. 0 3 1 0 0 0 3 1 0 4 
crustaceans 36 0th. 2 0 2 1 0 0 2 3 0 5 
!p lant remains 37 0th. 0 1 1 0 0 0 1 1 0 2 
No. of prev 134 121 55 35 18 10 255 90 28 373 
No. of scats 109 104 49 31 15 10 213 80 25 318 
b) February-April 
Species # SIZE D-E D-C F-E F-C F/D-E F/D-C Total Dog Total Fox Total D/F TOTAL 
Wal/abia bicolor 1 L 9 7 0 3 0 0 16 3 0 19 
Vombatus ursinus 2 L 0 3 0 0 0 0 3 0 0 3 
Bos taurus 3 L 1 1 0 0 0 0 2 0 0 2 
Macrovus rufo!(riseus 4 L 0 0 0 0 0 0 0 0 0 0 
Macrovus Qi5?anteus 5 L 0 0 0 0 0 0 0 0 0 0 
Macrovus spp. 6 L 1 0 0 0 0 0 1 0 0 1 
Sus scrofa 7 L 1 0 0 0 0 0 1 0 0 1 
Capra hircus 8 L 0 0 0 0 0 0 0 0 0 0 
Canis familiaris 9 L 0 0 0 0 0 0 0 0 0 0 
Ovis aries 10 L 0 0 0 0 0 0 0 0 0 0 
Pseudocheirus perev inus 11 M 2 4 0 0 0 0 6 0 0 6 
Trichosurus SDD. 12 M 1 5 0 0 0 1 6 0 1 7 
0rlfctola5?US cuniculus 13 M 4 1 0 0 0 0 5 0 0 5 
Perameles nasuta 1 4 M 2 1 0 0 0 0 3 0 0 3 
Petau roides volans 15 M 0 0 0 0 0 0 0 0 0 0 
Tach11!llossus aculeatus 16 M 1 1 0 0 0 0 2 0 0 2 
Felis catus 17 M 0 0 0 0 0 0 0 0 0 0 
Potoruous tridact11lus 18 M 0 0 0 0 0 0 0 0 0 0 
Isoodon obesulus 19 M 0 0 0 0 0 0 0 0 0 0 
Vulpes vulves 20 M 0 0 0 0 0 0 0 0 0 0 
Antechinus swainsonii 21 s 4 3 2 0 0 2 7 2 2 11 
Rattus soo. 22 s 0 0 1 0 0 0 0 1 0 1 
Rattus fuscipes 2 3 s 0 0 0 0 0 0 0 0 0 0 
Rattus rattus 24 s 1 0 0 0 0 0 1 0 0 1 
Antechinus sluartii 25 s 1 0 1 0 0 0 1 1 0 2 
Petaurus brevicevs 26 s 0 0 1 0 0 0 0 1 0 1 
Antechinus svv. 27 s 0 1 0 0 0 0 1 0 0 1 
Rattus lutreolus 28 s 0 0 0 0 0 0 0 0 0 0 
Cercartetus nanus 29 s 0 0 0 2 0 0 0 2 0 2 
Pseudorn11s fumeus 30 s 0 0 0 0 0 0 0 0 0 0 
Sminthopis leucopus 31 s 0 0 0 0 0 0 0 0 0 0 
Hl!drom11s chr11sosmster 3 2 s 0 0 0 0 0 0 0 0 0 0 
bird remains 33 0th. 1 1 1 0 0 0 2 1 0 3 
reptile remains 3 4 0th. 0 0 0 0 0 0 0 0 0 0 
insect remains 35 0th. 0 0 0 0 0 0 0 0 0 0 
crustaceans 36 0th. 0 1 2 0 0 0 1 2 0 3 
iolant remains 37 0th. 0 0 2 0 0 0 0 2 0 2 
No. of prey 29 29 10 5 0 3 58 15 3 76 
No. of scats 26 25 6 5 0 3 51 11 3 65 
c) April- June 
Species # SIZE D-E D-C F-E F-C F/D-E FID-C Total D og Total Fox Total D/F TOTAL 
Wallabia bicolor 1 L 23 16 2 8 0 0 39 10 0 49 
Vombatus ursinus 2 L 2 3 0 0 0 0 5 0 0 5 
Bos taurus 3 L 1 0 0 0 0 0 1 0 0 1 
Macrovus rufoQ'riseus 4 L 0 0 0 0 0 0 0 0 0 0 
Macropus Q'iQ'anteus 5 L 0 0 0 0 0 0 0 0 0 0 
Macrovus s1m. 6 L 0 0 0 0 0 0 0 0 0 0 
Sus scrofa 7 L 0 0 0 0 0 0 0 0 0 0 
Cavra hircus 8 L 0 0 0 0 0 0 0 0 0 0 
Canis famil iaris 9 L 0 0 0 0 0 0 0 0 0 0 
Ovis aries 10 L 0 0 0 0 0 0 0 0 0 0 
Pseudoche i rus perev i nus 11 M 5 9 0 3 0 0 14 3 0 17 
Trichosurus sv. 12 M 5 8 0 1 0 0 13 1 0 14 
Or\fctolaQ'us cuniculus 13 M 3 2 0 6 1 0 5 6 1 12 
Perameles nasuta 14 M 1 4 0 1 0 0 5 1 0 6 
Petauroides volans 15 M 2 0 1 0 0 0 2 1 0 3 
Tach11Q'/ossus aculeatus 16 M 2 0 0 0 0 0 2 0 0 2 
Fe/is catus 1 7 M 0 0 0 0 0 0 0 0 0 0 
Potoruous tridact11lus 18 M 0 0 0 0 0 0 0 0 0 0 
lsoodon obesulus 19 M 0 0 0 0 0 0 0 0 0 0 
Vulves vulves 20 M 0 0 0 0 0 0 0 0 0 0 
Antechinus swainsonii 21 s 5 4 0 4 0 1 9 4 1 14 
Rattus sv. 22 s 2 4 2 3 0 1 6 5 1 12 
Rattus fuscives 23 s 2 2 0 1 1 0 4 1 1 6 
Rattus rattus 24 s 4 4 0 5 0 1 8 5 1 14 
Antechinus stuartii 25 s 1 4 2 4 0 1 5 6 1 12 
Petaurus breviceps 26 s 1 1 1 0 0 0 2 1 0 3 
Antechinus svv. 27 s 0 0 0 0 0 0 0 0 0 0 
Rattus lutreolus 28 s 0 0 0 0 0 0 0 0 0 0 
Cercartetus nanus 29 s 0 0 0 0 0 0 0 0 0 0 
Pseudom11s fumeus 30 s 0 0 0 0 0 0 0 0 0 0 
Sminthovis leucovus 31 s 0 0 0 0 0 0 0 0 0 0 
Hvdrom11s chn1soQ'aster 32 s 0 0 0 0 0 0 0 0 0 0 
bird remains 33 0th. 4 1 0 0 0 0 5 0 0 5 
reptile remains 34 0th. 0 0 0 0 0 0 0 0 0 0 
insect remains 35 0th. 0 0 0 0 0 0 0 0 0 0 
crustaceans 36 0th. 0 0 0 0 0 0 0 0 0 0 
1plant remains 37 0th. 0 0 0 0 0 0 0 0 0 0 
No. of prey 63 62 8 36 2 4 120 44 6 170 
No. of scats 58 5 6 7 33 2 3 114 11 5 159 
d) June-August 
Species # SIZE D-E D-C F-E F-C F/D-E F/D-C Total Dog Total Fox Total D/F TOTAL 
Wallabia bicolor 1 L 14 25 1 3 0 0 39 4 0 43 
Vombatus ursinus 2 L 2 4 0 0 0 0 6 0 0 6 
Bos taurus 3 L 0 6 0 0 0 0 6 0 0 6 
Macrovus rufo£riseus 4 L 0 3 0 0 0 0 3 0 0 3 
Macrovus !(i!(anteus 5 L 0 0 0 0 0 0 0 0 0 0 
Macrovus svv. 6 L 0 0 0 0 0 0 0 0 0 0 
Sus scrofa 7 L 0 0 0 0 0 0 0 0 0 0 
Cavra hircus 8 L 0 1 0 0 0 0 1 0 0 1 
Canis familiaris 9 L 0 0 0 0 0 0 0 0 0 0 
Ovis aries 10 L 0 0 0 0 0 0 0 0 0 0 
Pseudocheirus verevinus 11 M 2 12 0 4 0 0 14 4 0 18 
Trichosurus sv. 12 M 2 3 0 0 0 0 5 0 0 5 
Orvcto/a!(us cuniculus 13 M 1 3 0 2 0 0 4 2 0 6 
Perameles nasuta 14 M 0 l 0 1 0 0 1 l 0 2 
Petauroides volans 15 M 1 1 0 0 0 0 2 0 0 2 
Tachtt!llossus aculeatus 16 M 0 2 0 0 0 0 2 0 0 2 
Fe/is catus 17 M 0 0 0 0 0 0 0 0 0 0 
Potoruous tridactvlus 18 M 0 0 0 0 0 0 0 0 0 0 
lsoodon obesulus 19 M 0 0 0 0 0 0 0 0 0 0 
Vulves vulves 20 M 0 0 0 0 0 0 0 0 0 0 
Antechinus swainsonii 21 s 3 9 4 1 0 0 12 5 0 17 
Rattus sp. 22 s 1 5 0 0 0 0 6 0 0 6 
Rattus fuscives 23 s 2 2 0 4 0 0 4 4 0 8 
Rattus rattus 24 s 1 0 4 2 0 0 1 6 0 7 
Antechinus stuartii 25 s 3 2 1 7 0 0 5 8 0 13 
Petaurus breviceps 26 s 1 3 0 1 0 0 4 1 0 5 
Antechinus svv. 27 s 0 2 0 1 0 0 2 1 0 3 
Rattus lutreolus 28 s 0 0 0 0 0 0 0 0 0 0 
Cercartetus nanus 29 s 0 0 0 0 0 0 0 0 0 0 
Pseudom11s fu rneus 30 s 0 1 0 0 0 0 1 0 0 1 
Sminthovis /eucovus 3 1 s 0 0 0 0 0 0 0 0 0 0 
Hvdrom1rs chrvso!laster 32 s 0 0 0 0 0 0 0 0 0 0 
b ird remains 33 0th. 1 1 0 0 0 0 2 0 0 2 
reptile remains 34 0th. 0 0 0 0 0 0 0 0 0 0 
insect remains 35 0th. 0 0 0 1 0 0 0 1 0 1 
crustaceans 36 0th. 0 0 0 0 0 0 0 0 0 0 
plant remains 37 0th. 0 0 0 0 0 0 0 0 0 0 
No. of prey 34 86 10 27 0 0 120 37 0 157 
No. of scats 30 74 10 22 0 0 104 32 0 136 
e) August- October 
Species # SIZE D-E D-C F-E F-C F/D-E F/D-C Total Dog Total Fox Total D/F TOTAL 
Wal/abia bicolor 1 L 9 21 0 7 0 0 30 7 0 37 
Vombatus ursinus 2 L 1 0 0 0 0 0 1 0 0 1 
Bos taurus 3 L 0 0 0 0 0 0 0 0 0 0 
Macropus rufoviseus 4 L 0 0 0 0 0 0 0 0 0 0 
Macrovus ~i~anteus 5 L 0 0 0 0 0 0 0 0 0 0 
Macrovus soo. 6 L 0 0 0 0 0 0 0 0 0 0 
Sus scrofa 7 L 0 1 0 0 0 0 1 0 0 1 
Cavra hircus 8 L 0 0 0 0 0 0 0 0 0 0 
Canis familiaris 9 L 0 0 0 0 0 0 0 0 0 0 
Ovis aries 10 L 0 0 0 1 0 0 0 1 0 1 
Pseudocheirus pere£rinus 11 M 0 3 0 0 0 0 3 0 0 3 
Trichosurus soo. 12 M 3 5 0 3 0 0 8 3 0 11 
Or11ctola~us cuniculus 13 M 0 2 2 3 0 0 2 5 0 7 
Perameles nasuta 14 M 0 0 0 0 0 0 0 0 0 0 
Petauroides volans 15 M 1 0 0 0 0 0 1 0 0 1 
Tach11£/ossus aculeatus 16 M 1 0 0 0 0 0 1 0 0 1 
Fe/is catus 17 M 0 0 0 0 0 0 0 0 0 0 
Potoruous tridact11/11s 18 M 0 1 0 0 0 0 1 0 0 1 
Isoodon obesulus 19 M 0 l 0 0 0 0 l 0 0 1 
Vulpes vulpes 20 M 0 0 0 0 0 0 0 0 0 0 
Antechinus swainsonii 21 s 9 3 0 4 0 0 12 4 0 16 
Rattus s p p. 22 s 0 1 0 0 0 0 l 0 0 1 
Rattus fuscipes 23 s 2 1 0 1 0 0 3 1 0 4 
Rattus ratt us 24 s 1 0 0 0 0 0 1 0 0 l 
Antechinus stuartii 25 s 0 0 0 0 0 0 0 0 0 0 
Petaurus breviceps 26 s 0 0 1 0 0 0 0 1 0 1 
Antechinus svv. 27 s 0 1 0 0 0 0 1 0 0 1 
Rattus lutreolus 28 s 0 0 0 0 0 0 0 0 0 0 
Cercartetus nanus 29 s 0 0 0 1 0 0 0 1 0 1 
Pseudom11s fumeus 30 s 0 0 0 0 0 0 0 0 0 0 
Sminthovis leucopus 31 s 0 0 0 0 0 0 0 0 0 0 
H11dromus chn/SOfZaster 32 s 0 0 0 0 0 0 0 0 0 0 
bird remains 33 0th. 3 0 0 0 0 0 3 0 0 3 
reptile remains 34 0th. 0 1 0 0 0 0 1 0 0 1 
insect remains 35 0th. 0 3 0 2 0 0 3 2 0 5 
crustaceans 36 0th. 0 0 0 0 0 0 0 0 0 0 
plant remains 37 0th. 0 0 0 0 0 0 0 0 0 0 
No. of prey 30 44 3 22 0 0 74 25 0 99 
No. of scats 26 43 3 21 0 0 69 24 0 93 
f) October-December 
Species # SIZE D-E D-C F-E F-C F/D-E I F/D-C I Total Dog Total Fox Total D/F TOTAL 
Wa/labia bicolor 1 L 16 21 0 2 0 0 3 7 2 0 39 
Vombatus ursinus 2 L 3 1 0 0 0 0 4 0 0 4 
Bos taunts 3 L 0 0 0 0 0 0 0 0 0 0 
Mncrovus rufoqriseus 4 L 0 1 0 0 0 0 1 0 0 1 
Macropus .!(i£nnteus 5 L 0 1 0 0 0 0 1 0 0 1 
Macrovus spp. 6 L 0 0 0 0 0 0 0 0 0 0 
Sus scrofa 7 L 1 2 0 0 0 0 3 0 0 3 
Capra hircus 8 L 0 0 0 0 0 0 0 0 0 0 
Canis familiaris 9 L 0 0 0 0 0 0 0 0 0 0 
Ovis aries 1 0 L 0 0 0 0 0 0 0 0 0 0 
Pseudocheirus vereqrinus 11 M 1 6 0 1 0 0 7 1 0 8 
Trichosurus sp. 12 M 2 3 0 1 0 0 5 1 0 6 
Or11cto/a£us cuniculus 13 M 6 1 0 4 0 0 7 4 0 11 
Perame/es nasuta 1 4 M 1 3 0 0 0 0 4 0 0 4 
Petauroides volans 15 M 0 0 0 0 0 0 0 0 0 0 
Tachvq/ossus aculeatus 16 M 2 0 0 0 0 0 2 0 0 2 
Felis catus 17 M 1 0 0 0 0 0 1 0 0 1 
Potoruous tridncfl{lus 18 M 0 0 0 0 0 0 0 0 0 0 
lsoodon obesulus 19 M 0 0 0 0 0 0 0 0 0 0 
Vu/pes vulpes 20 M 0 0 0 0 0 0 0 0 0 0 
Antechinus swainsonii 2 1 s 2 3 0 2 0 0 5 2 0 7 
Raltus sv. 2 2 s 2 1 1 0 0 0 3 1 0 4 
Rattus fu scives 2 3 s 2 0 0 0 0 0 2 0 0 2 
Rattus raltus 24 s 0 0 0 0 0 0 0 0 0 0 
Antechinus stuartii 25 s 0 0 0 1 0 0 0 1 0 1 
Petaurus breviceps 26 s 0 2 0 1 0 0 2 1 0 3 
Antechinus svv. 2 7 s 0 0 0 0 0 0 0 0 0 0 
Rattus lutreolus 28 s 0 1 0 0 0 0 1 0 0 1 
Cercartetus nanus 29 s 0 0 0 0 0 0 0 0 0 0 
Pseudomvs fumeus 30 s 0 2 0 0 0 0 2 0 0 2 
Sminthovis leucopus 31 s 0 0 0 0 0 0 0 0 0 0 
Hvdrom us chrvso,!(aster 32 s 1 0 0 0 0 0 1 0 0 1 
bird remains 33 0th. 0 0 0 1 0 0 0 1 0 1 
reptile remains 34 0th. 1 0 0 1 0 0 1 1 0 2 
insect remains 35 0th. 1 0 0 2 0 0 1 2 0 3 
crustaceans 3 6 0th. 0 0 1 2 0 0 0 3 0 3 
plant remains 3 7 0th. 0 1 0 0 0 0 1 0 0 1 
No. of prev 42 49 2 18 0 0 91 20 0 111 
No. of scats 39 48 2 1 8 0 0 87 20 0 107 
APPENDIX 5 - SPECIES DETECTED AT EACH SITE BY SPOTLIGHTS FOR EACH 
SURVEY PERIOD 
Key: 0.c = Oryctolagus cuniculus; P.n = Perameles nasuta; P.p = Pseudocheirus peregrinus; T.v = Trichosurus vulpecula; P.v = Petauroides volans; P.b = 
Petaurus brevicips; P.a = Petaurus australis; V,u = Vornbatus ursinus; W.b = Wallabia bicolor; M.r = Macropus rufogriseus; M.g = Macropus giganteus; F.c = 
Felis catus; C.f = Canis familiaris; V.v = Vulpes vulpes; C.u = Cervus unicolor; unid = unidentified 
Species 
Area Site Month 0.c P.n P.p T.v P.v P.b P .a V.u W.b M.r M.g F.c C.f V.v Cu unid 
Escarpment Mines May 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 
Waratah May 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 
Jan 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 
Wog Way I May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wog Way II May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 3 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Area Site Month O.c P.n P.p T.v P.v P.b P.a 
Species 
V.u W.b M.r M.g F.c C.f V.v C.u unid 
Escarpment New Trig May 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
Nov 0 0 0 1 0 0 0 0 3 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Rayners May 0 0 0 0 0 0 0 2 0 0 1 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
Tantawangalo Mountain May 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 2 3 3 1 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
Nov 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New Line May 2 0 0 1 1 0 0 1 2 1 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 
Sept 1 0 0 0 0 0 0 4 3 0 0 0 0 0 0 0 
Nov 0 0 0 2 0 0 0 3 4 1 0 0 0 0 0 0 
Jan 0 0 0 0 0 2 0 2 1 0 2 0 0 0 0 0 
Dragon Swamp May 1 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Nov 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 
Packers Swamp I May 0 0 0 0 1 0 0 1 0 1 0 1 0 0 0 0 
July 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 
Sept 2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Nov 3 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 
Jan 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 
Species 
Area Site Month O.c P.n P.p T.v P.v P.b P. a V.u W.b M.r M.g F.c C.f V.v C.u unid 
Escarpment Solomons May 1 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 
Sept 2 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Nov 1 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
Jan 1 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 
Packers Swamp II May 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
July 2 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0 
Sept 0 0 0 1 1 0 0 0 1 0 0 0 0 0 3 0 
N ov 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 
Fas tigata May 0 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 
July 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Fraxinoides May 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Bemboka River May 0 0 0 1 2 0 0 0 2 0 0 0 0 0 0 0 
July 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 1 0 2 0 2 0 0 0 0 0 0 0 
Total for each Month May 4 0 1 5 16 0 0 7 7 2 1 1 0 0 0 0 
July 5 0 1 4 1 0 0 9 14 3 2 1 0 0 0 0 
Sept 6 0 0 3 5 0 0 12 9 0 0 0 0 0 3 1 
Nov 7 0 0 6 0 0 0 7 14 1 1 0 0 1 0 1 
Jan 1 0 1 1 7 2 2 5 11 2 2 0 0 0 1 0 
Grand Total 196 23 0 3 19 29 2 2 40 55 8 6 2 0 1 4 2 
Species 
Area Site Month O.c P.n P .p T.v P.v P.b P.a V.u W.b M.r M.g F.c C.f V.v C.u unid 
Coastal Kingfisher May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 2 0 0 0 0 0 1 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Dobbyns May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 0 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 
Nov 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Causeway May 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 3 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 
Nov 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Gree May 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Predator May 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sugarloaf May 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Sept 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Species 
Area Site Month O.c P.n P.p T.v P.v P.b P .a V.u W.b M.r M.g F.c C.f V.v C.u unid 
Coastal Old Hut May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Dulin May 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mitchell' s Cree k May 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
July 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Nullica May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
July 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Se pt 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Myrrail May 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
I July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Leo's Creek May 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
July 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Species 
Area Si te Month O .c P.n P.p T.v P .v P.b P.a V.u W .b M.r M.g F.c C.f V.v C.u unid 
Co astal Goanna May 0 0 0 2 0 0 0 1 1 0 0 0 0 0 0 1 
Ju ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Burrawang May 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 
July 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Sept 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mustering Ground May 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
Ju ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sep t 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total for each Month May 2 1 3 2 1 1 1 2 2 0 0 1 0 2 0 1 
Jtme 0 0 0 1 0 0 0 1 5 0 1 0 0 1 0 0 
Sept. 3 0 4 0 0 0 0 0 5 0 2 1 0 0 0 0 
Nov. 3 0 2 2 0 0 0 1 1 0 1 0 0 0 0 0 
Jan. 4 0 0 0 0 0 0 1 3 0 0 0 0 0 0 0 
G rand Total 71 12 1 9 5 1 1 1 5 16 0 4 2 0 3 0 1 
:;; 1200-~* 
] ~ \ 
c.: 800 -, ~ ., 
i:: 1250 -~ o~ 0.. ·~ ~ "'() 
~ E . 
Ui~ 
0 -. 
80 
I ,..,B~ ** 
0 -~ 
APPENDIX 6 
~ 
' I 
~ 
CORRELATION MATIRX BETWEEN 
HABITAT ATTRIBUTES 
~c_: LL L 
~ 10000 
0 
!fl 
.,, 
2l 
ex; 
0 -~((l,.L-Jll~ 
25 ~ 0 -, - - . 
3 1~:= 
0 -
8 16 
Tempera ture 
0 
I .~- °' 
800 1200 
Rainfall 
- 0 
llEllE llE 000 
0 1250 
Elevation 
E 
0 
I 
80 
% logged 
0-10 yrs 
L 
L 
' I 
~ 
I 
~ 
I 
0 60 
% logged 
10-20 yrs 
0 10000 
Road Source 
0 5000 
Direct Source 
(m) (m) 
0 25 
Road Density 
(km) 
' Appendix 7:293 
APPENDIX 7 - INFLUENCE OF FRAGMENTATION 
AND DISTURBANCE ON THE POTENTIAL IMPACT 
OF FERAL PREDATORS ON NATIVE FAUNA IN 
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Influence of Fragmentation and Disturbance 
on the Potential Impact of Feral Predators 
on Native Fauna in Australian Forest Ecosystems 
Sarah A. May and T. W. Norton 
Centre for Resource and Environmental Studies, Institute of Advanced Studies, 
The Australian National University, Canberra, ACT0200, Australia. 
Abstract 
We review current knowledge of the diet and predator-prey relationships of the feral cat (Fe/is catus), fox 
(Vulpes vulpes) and. dingo (Canis familiaris dingo) (including wild dogs), and consider how forest 
fragmentation bv roads may influence the use of native forest ecosystems by these species and the 
significance of tfifs"for native fauna. The cat, fox and dingo are significant predators in Australia that 
interact with natlvc;·(auna in various ways, including predation, competition for resources, and transmission 
of disease. Otnne-b~sis of current knowledge, it is clear that the nature and impact of predation by the cat, 
fox and dingtron'tlative fauna are primarily determined by prey availability, although there are exceptions 
to this rule.'Uen'Ctally, dingoes prey upon large to medium-sized prey species (e.g. wallabies, common 
wombats and possums), foxes prey upon medium-sized to small prey (e.g. possums and rats) and consume a 
significant component of scavenged material and vegetation, while cats also prey upon medium-sized to 
small prey, but may have a greater proportion of reptiles and birds in their diet. The cat is generally 
considered to be an opportunistic predator and to have contributed to the demise of a number of mammals. 
The fox is considered more of a threat to small native mammals than is the cat and it has been asserted that 
all species of mammals that fall within the critical weight range (CWR) of 120-5000 g are at risk of local 
extinction when the fox is present. The severity of the impact of the dingo upon the native fauna is 
considered to be minimal, at least in comparison with the impact that the cat and fox can have on 
populations. The dingo is not considered a threat to CWR mammals in undisturbed environments. The fox, 
feral cat and dingo are all considered to have the ability to selectively prey upon species and, to some 
extent, individual sexes and age-classes of a number of larger prey species. 
Although many of Australia's forested areas are relatively heavily fragmented by roads. there are no 
published studies specifically investigating the use of roads by feral predators. Information on the 
distribution and abundance of foxes, cats and dingoes in these ecosystems, their ecology and their impact 
on native fauna is particularly limited. Further, the extent to which roads influence the distribution and 
abundance of these species and the consequences of these for native fauna are poorly known. Given this, we 
suggest that one of the most important research needs is to establish the relative impact that exotic predators 
may have on native fauna under varying degrees of road construction within native forests. For example, 
are areas with and without roads in forests used differently by exotic predators and what is the significance 
of this in terms of the potential impact on fauna? The extent to which feral predators forage away from 
roads needs further investigation, as does the rates of predation within edges. because this may have several 
consequences for the design, location and size of retained strips and wildlife corridors as well as restoration 
programmes. Further observations on regional differences influencing predator-prey interactions are 
required, as is research on the potential impacts on native fauna resulting from prey selection in forests 
subjected to various degrees of fragmentation and modification. 
Introduction 
The cat (Felis catus), fox (Vulpes vulpes) and dog (Canis familiaris) are important feral 
predators in Australia that interact with native fauna in various ways, including predation, 
competition for resources, and transmission of disease. Knowledge of the impact that these 
interactions have on native wildlife is limited and is obscured by factors such as habitat 
destruction, fragmentation and altered fire regimes (all of which can adversely affect native 
species), and the lack of documentation of the status of many native species when Europeans 
I 035-37 l 2/96/04D387$05.00 
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first arrived. There is a growing body of anecdotal and empirical evidence, however, to indicate 
that feral predators can have a significant impact upon native fauna at the local, regional and 
national scale. Terrestrial mammals with an adult body weight between 35 and 5500 g appear to 
be particularly threatened by feral cats and foxes. Small and medium-sized mammals (termed 
critical weight range species, or CWR species) constitute the majority of the mammalian fauna 
that has become extinct or is considered to be rare and endangered with extinction (Burbidge 
and McKenzie 1989). Although feral predators cannot be identified as solely responsible for the 
demise of many of these species, there is evidence implicating these feral species, particularly 
the fox and the feral cat, as significant threats to the survival of remaining populations of rare 
and endangered native fauna. 
Feral predators rely primarily on native fauna for food in forests. Unfortunately, information 
on the distribution and abundance of foxes, cats and dingoes (Canis familiaris dingo) in these 
ecosystems, their ecology and their impact on native fauna is particularly~inited. (The dingo 
was introduced into Australia some 4000 years ago and has interbred with''feral dogs to the 
extent that it is not practical to distinguish between the two, which are referred to collectively 
here as dingoes). Further, the extent to which management activities such 3.Siro!W. construction 
influence the distribution and abundance of these species and their potential,.imoact on native 
fauna is poorly known. In this paper we (i) review current knowledge if>~0tijp diet and 
predator-prey relationships of the feral cat, fox and dingo, and (ii) consider howrftl~turbance in 
the form of road construction may influence the use of native forest ecosystems by these species 
and the significance of this for native fauna. Our intent is not to present an exhaustive review 
but rather to indicate what is, and what is not, known and to emphasise some of the major gaps 
in knowledge that need to be addressed if the management of feral predators in native forests is 
to have a firmer scientific base. 
Diet and Impacts of Feral Predators 
Reliable assessment of the impact of feral predators on species and populations of native 
fauna is not a trivial task. It is necessary to determine whether feral predators suppress 
populations of native fauna, with the result that the affected species, or populations, are 
threatened with extinction or are no longer able to perform their biological functions. Dietary 
information can indicate taxa that are potentially susceptible to predation but may not reflect the 
true impact that predation has on a species (Newsome 1991; Paton 1993). Establishing the impact 
of feral predators on species and populations typically requires detailed long-term investigation 
as there are many (natural and unnatural) factors that can influence population dynamics. 
Specific studies investigating predator-prey relationships between feral predators and native 
wildlife in Australia are limited and have been undertaken only recently. The initial impact that 
exotic predators may have had on the fauna can be considered more generally, however, by 
assessing the relationship between the arrival of feral predators and the decline and extinction of 
species locally, regionally and nationally (e.g. Morton 1990; Recher and Lim 1990). 
Felis catus 
The cat is generally considered to be an opportunistic predator, with the level of predation 
being partly dependent on the availability and abundance of prey (Coman and Brunner 1972; 
Jones 1992). Normally, cats appear to prey upon species that are equal in size or smaller than 
themselves (Kleinman and Eisenberg 1973; Landre 1977; Paton 1993). Thus, any animal less 
than 3-4 kg in body weight is potential prey. Most prey species, however, usually weigh less 
than l 00 g (Paton 1996). 
Cats differ from canids in several ways: (i) they have a partially arboreal habit; (ii) they have 
excellent night vision, unlike the canids, which rely heavily on their highly developed olfactory 
senses; (iii) when live prey are available, they do not require water (Jones 1988; Newsome 
1991); (iv) they prey more heavily upon birds and reptiles than do the canids (Bayly 1978; 
Triggs et al. 1984; Catling 1988; Lumsden et al. 1991), although the avian component of the 
Forest Fragmentation and Feral Predators 
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diet is still considered to be minimal (Coman 1973, 1991; Jones 1992); and (v) they appear to be 
more selective in their choice of prey than are canids (Bayly 1978). Unlike canids, cats are 
generally not scavengers (Bayly 1978; Jones and Coman 1981). 
The potential impact that cats can have on wildlife populations can be estimated crudely by 
calculating the energy requirements of the average adult cat. Adult cats need to consume 5-8% 
of their body weight per day, which is equivalent to 300 g of flesh (Jones 1977; Paton 1993). 
The requirements for a female with litter can be 20% of her body weight per day (Jones 1977). 
Given this, the average 4-kg cat feeding on animals weighing 50 g would need six animals per 
day to meet its energetic requirements, which is equivalent to 2188 animals per year. However, 
the reliability of such estimates is uncertain since the entire prey is not always eaten, especially 
where they are abundant, and the energy requirements of feral cats can be expected to vary 
considerably depending on the environment. For example, Muir (1982) reported that 500 g of 
food were commonly found in the stomachs of cats that he examined. The stomach of one cat 
contained 24 reptiles, two mice, one bird and two grasshoppers. He concluded that 'The effects 
on the native fauna of even a low cat density with a diet such as this must be fonnidable' (Muir 
1982, p. 8). 
Cats are known to prey upon 186 native bird species, 64 species of native mammal, 87 species 
of reptiles, 10 species of amphibians, and numerous invertebrates (Paton 1993). Although rabbits 
appear to be a preferred prey item (Bayly 1978; Jones and Coman 1981; Calling 1988), cats are 
known to consume individuals of 2-3 native animal species per day even where rabbits are 
abundant (Paton 1993). Where rabbits are often scarce, such as in forest environments, native 
species such as the ringtail possum (Pseudocheirus peregrinus) and the bush rat (Rattus fuscipes) 
can become important prey (Jones and Coman 1981; Triggs et al. 1984 ). 
Cats can prey upon mammals that fall within the CWR, and may have contributed, inter alia, 
to the demise of some of these species, such as the broad-faced potoroo (Potorous platyops), the 
desert rat-kangaroo (Caloprymnus campestris) and the central hare-wallaby (Lagorchestes 
asomatus), as well as the decline of several bandicoot species and the western quoll (Dasyurus 
geoffroii) (Johnson et al. 1989). Cats appear to have been responsible for the extinction of the 
burrowing bettong (Bettongia Lesueur) and the banded hare-wallaby (Lagostrophus fasciatus ) 
from Dirk Hartog Island, the spectacled hare-wallaby (Lagorchestes conspicillatus) from 
Hermite Island, and the brush-tailed bettong (Bettongia penicillata) from St Francis Island 
(Burbidge 1971; Burbidge and George 1978; Johnson et al. 1989; Leader-Williams and Walton 
1989; Decker 1993; Kinnear 1993). All of these species fall within the CWR. However, the cat 
exists in Tasmania, which is the last stronghold for many CWR species, such as the long-nosed 
potoroo (Potorous tridactylus), the Tasmanian bettong (Bettongia gaimardi) and the Tasmanian 
pademelon (Thylogale billardierii) (Johnson et al. 1989). 
Despite the generalisation that cats tend to prey on the small animals, they are also known to 
prey on larger species, such as the yellow-footed rock wallaby (Petrogale xanthopus) and the 
unadorned rock-wallaby (Petrogale inomata) (Spencer 1990; Sheppard 1990 in Pearson 1992), 
which have a mean adult body weight of7 and 4·3 kg, respectively. Cats have been identified as a 
significant predator of the black-footed rock wallaby (Petrogale lateralis) in isolated colonies in 
Queensland, where smaller prey species are less abundant (Spencer 1990); predation by cats on 
this population is resulting in depressed recruitment rates of adults into the population, causing 
the population to decline. The decrease in black-footed rock wallabies coincided with prolonged 
drought conditions, which may have exacerbated the effects of predation (Spencer 1990). 
Further evidence of the impact that cats can have on populations at a local level is also 
apparent as predation by the feral cat has undermined attempts to reintroduce native animals 
into parts of their former range. For example, reintroduction programmes for the burrowing 
bettong (Bettongia Lesueur) on continental Australia have been unsuccessful because of 
predation by feral predators (cats and foxes) (Deeker 1993); the reintroduction of the greater 
stick-nest rat (Leporillus conditor) into parts of its former range is constantly under threat from 
predation by the fox and cat (Copley 1989); and predation by the cat has undermined attempts 
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to reintroduce the rufous hare-wallaby (Lagorchestes hirsutus) into parts of its former range 
(Kinnear 1993). The rate at which populations of native fauna can increase after cats have been 
removed from an area may be used to assess the impact that the cat can have on populations. 
There is no conclusive evidence to support the notion that cats have resulted in large-scale 
changes to the abundance of native mammals. 
Vulpes vulpes 
Foxes prey on a wide range of mammals, birds and insects, and consume a range of fruits; as 
with the cat, where rabbits are abundant they are typically the preferred prey species of foxes 
(Seebeck 1978; Wallis and Brunner 1986). Where rabbits are less abundant, foxes tend to prey 
upon possums, the smaller dasyurids, and native rats. Predation on smaller native species is 
more common in undisturbed habitat, especially in forest environments, because the abundance 
of small mammals is proportionally higher than elsewhere and rabbit numbers are usually 
comparatively low (Coman 1973). 
Foxes are unlikely to consume more than 10% of their body mass per day (Macdonald 
1987). On this basis, Saunders et al. (in press) suggested that the average adult fox would 
consume 380-450 g of food per day. A study by Phillips and Catting (1991) in Nadgee Nature 
Reserve, south-eastern Australia, found that three foxes preyed upon 20 species. The most 
common species were the small and medium-sized mammals (52%), particularly Rattus species, 
which were also the most abundant mammals recorded in the area. 
The impact of the fox on native fauna is considered to have been profound, although the 
evidence for this is largely circumstantial. For example, in Western Australia, following 
colonisation by the fox, the status of the mammal fauna changed profoundly, with many CWR 
mammals becoming extinct (Kinnear et al. 1988). Johnson et al. (l 989) reported that almost all 
species of extinct macropods fall within the CWR, and although there is no clear primary cause 
explaining these extinctions, there is reason to believe that the introduction of the fox was a 
significant factor. In south-eastern Australia, the decline of many kangaroos, wallabies and 
rat-kangaroos has been attributed to, inter alia, the increase in the abundance of fox populations 
at the tum of this century (Lunney 1989). Lunney and Leary ( 1988) commented that extinctions 
of the small mammals in the Bega area of south-eastern New South Wales coincided with a 
peak in fox abundance in 1912. 
Dietary studies support the notion that foxes can have a profound impact upon prey species, 
particularly those within the CWR. These studies have shown that foxes prey upon macropods, 
and that foxes can be considered locally significant predators, threatening many of the smaller 
macropod species. This threat is exacerbated when ground cover is removed (Robertshaw and 
Harden 1989). The most dramatic reductions of medium-s ized mammals in south-western 
Western Australia has occurred where there is a fairly open understorey. These mammals 
include the brush-tailed bettong or woylie (Bettongia penicillata), the quokka (Setonix 
brachyurus) and the western quoll (Dasyurus geoffroii) (Christensen 1980). Other indirect 
evidence that the fox has facilitated the decline and extinction of some species, particularly 
some species of macropods, is the absence of extinctions of macropod species in areas where 
there are few or no foxes (e.g. the wet-dry tropics of northern Australia and Tasmania) 
(Johnson et al. 1989). 
Kinnear et al. (1988) presented experimental evidence demonstrating that foxes can severely 
depress rock wallaby populations. Initial research suggested that remnant populations of rock 
wallabies in the wheatbelt of Western Australia were declining and that the fox was involved in 
this. Following fox control in some of these areas, populations of rock wallabies increased by 
up to 223%. Kinnear et al. ( 1988) also demonstrated the importance of identifying the source 
areas of feral predator species; foxes were migrating into an area of 2 km2 as quickly as those 
within were being eliminated. 
Forest Fragmentation and Feral Predators 
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Fox control in other areas has also aided the recovery of populations of some native species. 
For example, in Dryandra State Forest in Western Australia, populations of ringtail possums, 
brushtail possums and other native mammals have increased markedly following fox baiting 
(Christensen 1980). Fox control is also deemed necessary in areas where the re-establishment of 
the numbat (Myrmecobius fasciatus) is being conducted (Burbidge and Friend 1989). Research 
such as this implies that the fox has been a major factor in the decline of many native species and 
that their incursion into many areas puts extant populations of many native species at risk (Kinnear 
et al. 1988). Foxes may pose a greater threat to these species during severe drought. Newsome et 
al. ( 1983), for example, observed greater predation pressure on macropods during drought. 
In forest environments, many species are considered to be threatened by predation by the 
fox. In the forests of south-eastern New South Wales, for example, threatened species include 
the southern brown bandicoot (lsoodon obesulus) and the rare long-footed potoroo (Potorous 
Longipes). Vulnerable species such as the white-footed dunnart (Sminthopsis Leucopus), the 
brush-tailed phascogale (Phascogale tapoatafa), the long-nosed potoroo (Potorous tridactylus) 
and the brush-tailed rock wallaby (Petrogale penicillata) are also likely to be affected by 
predation by feral predators (Forestry Commission of New South Wales 1992). In the forests of 
north-eastern New South Wales, species listed as rare and endangered, such as the long-nosed 
potoroo, the parma wallaby (Macropus panna), the rufous bettong (Aepyprymnus rufescens) 
and the red-legged pademelon (Thylogale stigmatica), are sensitive to predation by foxes (Smith 
et al. 1992). Smith et al. (1992) believed that predation by foxes on Potorous tridactylus in 
northern New South Wales is threatening the survival of the species regionally. Many ground-
nesting birds are also considered vulnerable to predation (Kinnear 1993). 
Ground-dwelling birds such as the lyrebird (Menura novaehollandiae) are also susceptible to 
predation by foxes. Lill ( 1980) found that the fox was a major predator of young lyrebirds. As a 
result of the high mortality of young lyrebirds, the population examined suffered from 
depressed recruitment rates. This finding is particularly significant for species, such as the 
lyrebird, that naturally have low reproductive rates. 
Limited published evidence suggests that foxes may selectively prey upon individuals within 
a mammal population. In Western Australia, for example, Dickman (1988) found that a 
population of the southern brown bandicoot (lsoodon obesulus) experienced high predation 
from foxes. On the basis of the fox scats collected and analysed, female bandicoots were being 
preyed upon more frequently than were males despite being outnumbered by about two to one 
by males. The preliminary investigation of Claridge et al. (1991) on /. obesulus in south-eastern 
New South Wales was consistent with Dickman's finding. 
Although the fox is linked to the decline of many native animals, some species nevertheless 
persist in the presence of this predator. For example, in Western Australia, the brush-tailed 
bettong (Bettongia penicillata) can survive in areas where foxes are common, but has vanished 
from other areas where the fox is apparently less abundant (Johnson et al. 1989). The reasons 
for these observations remain to be determined precisely. 
Canis familiaris dingo 
The impact of the dingo on native fauna is poorly known. While the native fauna have 
co-existed with the dingo to some extent for several thousands of years, the present pattern of 
distribution and abundance of the dingo relative to the native fauna is unlikely to be similar to 
that experienced in the past. Similarly, the environment within which these species interact has 
changed markedly. It has been suggested that the dingo competed with the thylacine 
(Thylacinus cynocephalus) and indirectly with the Tasmanian devil (Sarcophilus harrisii) to the 
extent that these species became extinct on the mainland but survived in Tasmania, where the 
dingo is absent (Davies 1979; Thompson et al. 1987; Robertshaw and Harden 1989). 
Dingoes require some 1·4 kg of food per day, or about 7% of their own body weight per day, 
to meet their energetic requirements (Green and Catling 1977), although they have been 
observed consuming much more than this (Newsome et al. J 983 ). To meet these needs they 
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may hunt alone or in packs (Newsome et al. 1983; Triggs et al. 1984 ). They are solitary hunters, 
particularly when smaller prey is abundant, but tend to hunt co-operatively when larger prey is 
available, or when the abundance of smaller prey is low (Newsome 1988). Robertshaw and 
Harden (1986) reported that dingoes switched to hunting in packs when their numbers were 
high, which resulted in dingoes concentrating their efforts on hunting large macropods. Hunting 
in packs may increase foraging efficiency and so is likely to be a useful behaviour during 
drought and other stressful environmental conditions that may influence the availability of prey. 
As a result, the dingo is able to exploit macropods occurring at low and high population 
densities (Newsome et al. 1983). 
Generally, dingoes prey upon larger mammals such as the swamp wallaby (Wallabia 
bicolor), the red-necked wallaby (Macropus rufogriseus) and the common wombat (Vombatus 
ursinus) (Triggs et al. 1984; Robertshaw and Harden 1986). Studies of the feeding ecology of 
dingoes in south-eastern New South Wales by Newsome et al. (1983) found that they preyed on 
23 mammal species, nine bird species and a variety of fish and insects, and consumed some 
plant material. The mammals fell into three broad weight categories: O· l kg (rat size); l ·25 kg 
(possum size); and 16 kg (wallaby size). The larger mammals were the most common prey item 
found in the scats of the dingo (48%). It was also apparent that the abundances of prey species 
were not always reflected in their frequency of occurrence in the dingo scats, suggesting a level 
of selectivity in foraging by the dingo. It was also found that the range of species preyed upon 
did not increase during periods of low prey abundance. Rather, the animals appeared to 
concentrate their efforts on th~ larger species. Newsome et al. (1983) considered medium-sized 
mammals to be the staple prey because of their dependability, despite the larger swamp wallaby 
being the most abundant prey species. The rest of the native species in the diet were considered 
'supplementary' (larger prey), 'opportune' (small prey) and scavenged. Other studies have 
indicated that large animals, such as macropods, are the staple prey of the dingo (Robertshaw 
and Harden l 985, 1986, 1989). The diet of dingoes in north-eastern New South Wales, for 
example, was shown to consist of a wide array of species, but 76% of the diet consisted of five 
prey items: the swamp wallaby, the red-necked wallaby, the parma wallaby, the bush rat and 
species of Antechinus (Robertshaw and Harden 1986). Both Lunney (1989) and Triggs et al. 
(1984) reported that the swamp wallaby (Wallabia bicolor) was the most common prey species 
in canid scats in south-eastern Australia. 
Newsome et al. (1983) documented the ability of the dingo to switch prey species. Following 
severe wildfire, dingoes switched from a diet consisting mainly of medium-sized prey species to 
a diet of larger mammals. This may have suppressed populations of wallabies and kangaroos for 
2-3 years following the fire, until other sources of prey became abundant. Jarman et al. (1987) 
also regarded dingoes as having an important role in regulating the number of wallabies. 
Despite the low abundance of all prey species following fire and drought during their study, the 
presence of swamp wallabies in scats remained high. 
Dingoes do prey upon rare species (Davies 1979) and Robertshaw and Harden (1986) found 
that dingoes preyed upon macropodids in greater proportion than their availability, with the 
swamp wallaby apparently preferentially selected amongst the macropods (Robertshaw and 
Harden 1986, 1989). The brushtail possum (Trichosurus vulpecula) and the ringtail possum 
(Pseudocheirus peregrinus) were found to be the most common possum species in the scats of 
dingoes in forests of south-eastern New South Wales (Lunney 1987). Other possum prey 
species present in scats included the greater glider (Petauroides volans), the yellow-bellied 
glider (Petaurus australis), the sugar glider (Petaurus breviceps), the feathertail glider 
(Acrobates pygmaeus) and the eastern pygmy-possum (Cercartetus nanus). There is also 
evidence that dingoes selectively prey upon young animals and subadult females of native 
mammals (Robertshaw and Harden 1989). 
Forest Fragmentation, Roads and Feral Predators 
Fragmentation, defined as 'the loss of continuity', occurs when habitat is cleared to the 
extent that remaining habitat exists in patches isolated from each other by a matrix unlike the 
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Appendix 7:299 
original. Fragmentation also results in an increase of the perimeter-to-interior ratio, or edge, of 
the habitat. In forest ecosystems managed for timber production, original forest habitat can 
become fragmented as a result of many factors, including the construction of roads, timber 
extraction, and prescribed burning (fuel-reduction burning). Roads and the secondary regrowth 
of vegetation that follows timber extraction and fuel-reduction bums may effectively isolate 
forest habitat. In many regions of eastern Australia, native forests managed for timber 
production can be viewed as patches of old-growth habitat within a matrix of successional forest 
of various ages and floristic composition. Given this, it would appear important to understand 
the extent to which road construction and the 'edges' created by this form of disturbance 
influence the potential impact of feral predators on native forest fauna. 
Roads 
Roads have several potential consequences for wildlife inhabiting any given area, including 
habitat loss, intrusion of edge effects (see below), barrier effects and increased mortality due to 
collisions with vehicles (Simberloff and Cox 1987; Bennett 1991 ). Roads may also facilitate 
access to food, or indirectly increase food supply, for various taxa (Oxley et al. 1973). It has 
been widely accepted that the construction of roads has the potential to facilitate the ingress of 
predators (including carnivorous mammals, birds and reptiles) into forest environments 
previously inaccessible to them (Andrews 1990; Fanning and Mills 1990; Gilmore 1990; 
Copson 1991) or, at least, that the use of roads by feral predators for hunting and movement is 
commonplace since roads proVide easy travelling conditions (Bennett 1990; Cunningham 1990; 
Lumsden et al. 1991). Andrews (1990) proposed that feral animals are easily introduced into 
areas where there are roads, as the accompanying edge effect favours species with generalised 
ecological requirements. Arnold et al. ( 1987) reported that the narrow roadside verges in 
Western Australia are characterised by weeds and feral animals. 
Evidence exists to support the observation that feral predators utilise roads for foraging and 
movement, particularly in areas where the vegetation is dense, which may hinder the movement 
of large animals. Taylor et al. (1985), during a mammal survey within dense vegetation in the 
Upper Henty River region in western Tasmania, found that large carnivores were trapped only 
along roads or beside creeks. They concluded that roads may facilitate the ease with which large 
carnivorous mammals can move into areas with possible consequences for predation levels, 
particularly on the fauna living close to the road or track. Newsome et al. (1983) reported that 
highly mobile species appeared to use roads and beaches as 'rights of way', ' ... the dingo 
certainly did so' (p. 349). Feral cats and foxes have been observed hunting along river edges in 
Victoria (Lumsden et al. 1991). Harden (1985) found that dingoes in the forests of north-eastern 
New South Wales frequently travelled along ridgetops, creeks and firetrails. Claridge et al. 
(1991) reported that fox and dingo activity was consistently observed along the roads adjacent to 
their study area, as well as along a nearby river. Bennett ( 1990) noted that cats were often sighted 
hunting and moving along forest roadsides. The scats and tracks of feral predators are frequently 
found on roads (May, unpublished observations), providing evidence that roads are used by these 
species; however, the extent to which roads are used by feral predators compared with habitat 
lacking roads is not known. 
Evidence from research in England indicates that foxes, especially males, will use railway 
lines for dispersal and movement (Trew hell a and Harris 1990). Kolb ( 1984) found that, where 
railway lines are present, male foxes may use these as convenient pathways for movement 
within their home range. The use of linear features for dispersal is not apparent in open 
environments, such as in urban settings. In closed environments, however, it is possible that 
roads are a convenient means of movement. 
Roads, and the associated roadside verge, can influence the structure of small-mammal 
communities. For example, a study in the USA found that there were more species of small 
mammals along roadside verges than in the adjacent habitat, and that most of the species that 
preferred the roadside verges and accompanying edge habitat were grassland and generalist 
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species (Adams and Geis 1983; Adams 1984 ). There were also greater population densities of 
animals in the roadside habitat than in the adjacent habitat. 
Grass along roadside verges provides attractive grazing conditions for mammalian 
herbivores such as the eastern grey kangaroo (Macropus giganteus) and the common wombat 
(Vombatus ursinus) (Bennett 1991). This makes these species vulnerable to vehicular collision 
and roadside predation (Bellis and Graves 1971; Mcilroy 1978; Bennett 1991 ). Roadkills are 
more commonplace on heavily used roads and the resulting carcasses are a potential food source 
for feral predators such as cats, dingoes and foxes (Vestjens 1973). An increase in the 
abundance of grazing species at road edges, as well as the potential preponderance of carcasses, 
may support higher populations of predators locally. These predators can kill animals attracted 
to food available along the roadside verges. The extent to which these predators forage away 
from roads, however, is not known. 
Rabbits, which have been shown to be preferentially selected as prey by predators such as the 
fox and cat, are capable of establishing permanent and sizeable populations along roads in forest 
environments (May, unpublished data). This is a consequence of the improved grazing conditions 
along the roadside verges. Rabbits may attract feral predators into such areas, thereby increasing 
the likelihood of impacts on native species. These native animals can include rare species such as 
potoroos, which may utilise forest edges for foraging, and parma wallabies, which have been 
sighted at the edges of tracks and at the forest edge (Mount King Ecological Surveys 1992). 
Mount King Ecological Surveys ( 1992) reported that the movement of feral animals into 
previously unlogged forest may affect the conservation status of some potoroo species and it 
seems highly likely that this is applicable to a number of other native species as well. 
Habitat Edges and Predation 
The forest edge environment is unique and distinguishable from forest interior conditions 
and the surrounding environment. Biological and physical variables res pond to these 
boundaries, producing what is commonly referred to as 'edge effec ts ' (i.e. ecological 
phenomena associated with the edge of a forest) (Chen et al. in press). Edges affect ecosystem 
structure and productivity, understorey species, wildlife habitat, species composition and 
distribution, and microclimatic conditions (Fritschen et al. 1970; Thomas et al. 1979; Hansen 
and Horvah 1990; Chen 1991; Chen et al. 1992; Frost 1992). Biological responses to the 
creation of forest edges depend on the type of forest ecosystem, position in the landscape, 
orientation, patch size and shape, topographic features, nature of the surrounding matrix, and 
distance from the edge (Wales 1972; Ranney 1977; Williams-Linera 1990). The response of 
wildlife to edge conditions is dependent upon a variety of factors including microclimate, 
predation and food availability (Chen et al. 1992). 
Changes to the structure and composition of the vegetation affect the resource base, or 
carrying capacity, of the environment for the fauna of an area. Edges, particularly in temperate 
regions, usually contain the highest species richness (Thomas et al. 1979; Lovejoy et al. 1986; 
Harris 1988), but do not represent the entire suite of species that may inhabit an area, as some 
fauna are able to take advantage of the changed ecological conditions, whereas others cannot. 
Overseas studies have demonstrated that fragmentation of habitat results in large edge-to-
area ratios and subsequent high predation rates by predators originating from outside the habitat 
patches and/or within the edge environment (Gates and Gysel 1978; Andren et al. 1985 ; 
Wilcove 1985). For example, Andren et al. (l 985) found that predation on nests was positively 
correlated to the degree of fragmentation of the forest habitat. The incidence of predation within 
the edge environment can be much higher than that in the interior habitat (Yahner 1988). There 
have been many studies investigating the rate of predation within the edge environment (e.g. 
Gates and Gysel 1978; Andren et al. 1985; Wilcove l 985; Andren and Ange lstram 1988; 
M~ller 1988; Gibbs 1991; Andren 1992). Andren and Angelstam (1988) found that predation 
rates increased and levelled off 200- 500 m from the edge, while Wilcove ( 1985) demonstrated 
that an edge-related increase in predation may extend up to 600 m into the forest. 
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The risk of nest predation is influenced by habitat features at the site, such as vegetation 
complexity and nest placement (Bowman and Harris 1980; Martin 1988; M011er 1988). A study 
by Gibbs ( 1991) in tropical wet forest concluded that the greatest risk of nest predation occurred 
in forest edges surrounded by secondary succession, and that this was amplified in smaller 
forest patches. Also, evidence exists suggesting that nests are robbed by different predator 
species in approximate proportion to the relative abundances of the nest-robbing species 
(Angelstam 1986). Angelstam ( 1986) suggested that the productivity of the environment may 
also allow higher population densities of generalist predators to exist, which affects the amount 
of nest predation that may occur across an edge. 
Areas of unlogged or retained forest in production forests in eastern Australia often have 
substantial perimeters. These can facilitate degradation of the patch through changed 
microclimatic conditions and enhanced rates of predation by feral predators (Recher et al. 1987; 
Gilmore 1990). Newsome et al. ( 1983) noted that dingoes occupied a broad range of habitat types 
within the forests of south-eastern New South Wales, but that they were particularly prevalent in 
the ecotones between forests and grasslands and heathlands. The ground cover near the edges of 
these patches may be modified by changed fire regimes and other factors. Ground cover is known 
to be important for most of the ground-dwelling fauna because it provides shelter and breeding 
resources and protection from predation. Birds, for example, select habitat sites based partly on 
the availability of nest sites that minimise the risk of nest predation (Martin 1988). 
Conclusions and Research Issues 
On the basis of current knowledge, it is clear that the nature and impact of predation by the 
cat, fox and dingo on native fauna are primarily determined by prey availability, although there 
arc exceptions to this rule. Generally, dingoes prey upon large to medium-sized prey species 
(e.g. wallabies, common wombats and possums), foxes prey upon medium-sized to small prey 
(e.g. possums and rats) and consume a significant component of scavenged material and 
vegetation, while cats also prey upon medium-sized to small prey but may take a greater 
proportion of reptiles and birds (Triggs et al. 1984; Lumsden et al. 1991). The severity of the 
impact of the dingo upon the native fauna is considered to be minimal, at least in comparison 
with the impact that cats and foxes can have on populations, and the dingo is not considered a 
threat to CWR mammals in undisturbed environments (Smith et al. 1992). 
In Australia, the fox-prey relationship is not cyclic but there is a pattern. In open 
environments, such as semi-arid environments, the presence of the fox has coincided with the 
loss of significant portions of the native mammal fauna, and, where species do survive, their 
numbers are invariably low (Kinnear 1993). However, other factors such as habitat destruction 
obscure the degree to which the fox may be responsible for the demise of native fauna in these 
areas (Burbidge and McKenzie 1989). 
Given that the continent has been devoid of a fox-sized predator for the last 20000-30000 
years (Johnson et al. 1989), it would seem reasonable to suggest that the impact of the fox on 
the native fauna could be very significant in terms of the long-term survival of many species. 
Anecdotal evidence suggests that, in the absence of predators, mammals tend to become less 
cautious in their habits and therefore may be more susceptible to predation when exotic 
predators invade an area (Johnson et al. 1989). Dickman ( 1992) found that mice from areas that 
harboured predators such as foxes, cats and quolls avoided traps with predator odours and 
generally confined themselves to areas with dense vegetation, in contrast to predator-naive 
mice. Kinnear et al. ( 1988) established that, in the absence of foxes, rock wallabies increased 
the distance they ventured from shelter. This suggests that the fox may not only contribute to 
the decline and extinction of many wildlife populations, but may also significantly affect the 
dimensions of the realised niche of a species by exaggerating the requirements for shelter and 
the need for food to be nearby. Kinnear et al. (1988) considered that this effect may also restrict 
the capacity of an individual to outbreed, thereby effectively isolating populations exposed to 
these conditions. Overall, it is reasonable to assume that road construction in and fragmentation 
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of undisturbed habitat may expose local populations of native animals to predation by exotic 
predators, particularly in habitats that may otherwise be inaccessible to exotic predators, such as 
dense forest environments. 
Research Issues 
Although many forested areas of Australia are relatively heavily fragmented by roads, no 
published studies specifically investigate the use of roads by feral predators. Further, many of 
the published observations of the use of roads by feral predators are biased to some extent, as 
field studies are often conducted in proximity to roads and true comparisons with areas 
completely free of roads have not been undertaken. Similarly, studies of the influence of the 
other aspects of forest fragmentation and disturbance on feral predators, particularly their 
patterns of foraging and the potential impact on native fauna, are scant. In light of the above, 
several issues are worthy of research. 
One of the most important needs is to establish the relative impact that exotic predators may 
have on native fauna under varying degrees of road construction and other forms of 
fragmentation (including prescribed burning or fuel-reduction burning) within native forests. 
For example, are areas with and without roads in forests used differently by exotic predators and 
what is the significance of this in terms of the potential impact on fauna? The extent to which 
feral predators forage away from disturbed sites needs further investigation, as do the rates of 
predation within edges, as this may have several consequences for the design, location and size 
of retained strips and wildlife corridors, as well as priorities for future programmes for 
habitat/ecosystem restoration. 
Evidence suggests that prey species can co-exist with the fox as long as fox populations 
remain low and the prey population is given a chance to recover (Kinnear 1993). For example, 
at low densities, foxes in areas in northern New South Wales appear to be able to 'co-exist' with 
several species of CWR mammals (Jarman and Johnson 1977), despite evidence from elsewhere 
documenting the significant detrimental impact the fox can have on these species. These 
observations may be attributed to regional differences that affect predator-prey interactions but 
need investigation. 
Much evidence exists to implicate the cat in the decline and extinction of many populations 
of native fauna, especially island populations. Kinnear (1993, p. 27) stressed 'The absence of a 
pattern linking feral cats to wholesale fauna! declines and extinctions suggests that cat predation 
is likely to be more species-specific than the fox'. This possibility deserves more attention and 
we suggest that much more research and monitoring of the feral cat and the response of fauna to 
the presence of this feral predator be undertaken. 
The fox, feral cat and dingo are all considered to have the ability Lo selectively prey upon 
species and, to some extent, individual sexes and age-classes of a number of larger prey species. 
This aspect can be expected to be potentially very important for the population dynamics and 
persistence of many prey species, especially those occurring at a naturally low population 
density and as metapopulations. Research on the potential impacts on native fauna resulting 
from prey selection in forests subjected to various degrees of fragmentation and modification 
will be important. 
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